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Abstract

Differential inclusive jet cross sections in neutral current deep inelagticattering have been measured with the ZEUS detector using an
integrated luminosity of 38.7 ﬁbl The jets have been identified using the cluster algorithm in the longitudinally invariant inclusive mode
in the laboratory frame; they have been selected with jet transverse eﬂé?bybove 6 GeV and jet pseudorapidin}‘?t, between—1 and 3.
Measurements of cross sections as functiorEJﬁ)tf, Bjorkenx and the photon virtualitsz, are presented. Three phase-space regions have been
selected in order to study parton dynamics from the most global to the most restrictive region of forward-going (close to the proton-beam directi
jets at lowx, where the effects of BFKL evolution might be present. The measurements have been compared to the predictions of leading-logarit
parton-shower Monte Carlo models and fixed-order perturbative QCD calculations. In the forward(ﬂs(ga"thCD calculations underestimate
the data up to an order of magnitude at lewAn improved description of the data in this region is obtained by includ)(@) QCD corrections,
which account for the lowest-ordéichannel gluon-exchange diagrams, highlighting the importance of such terms in the parton dynamigs at low
0 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Deep inelastic lepton scattering (DIS) off protons provides
information on the parton distribution functions (PDFs) of the
proton. For example, inclusive measurements of the cross se
tion for the reactior + p — e+ X as a function of the virtuality
of the exchanged boso?, and of the Bjorkent scaling vari-
able,x, have been used to determiﬁ§ (x, 0% which, in turn,
is analysed in a theoretical context to extract the proton PDFs
Perturbative QCD in the next-to-leading-order (NLO) approx-
imation has been widely used to perform such extraction ang

to test the extent to which it is able to describe the data. Per X proton X proton
turbative QCD can predict only the evolution of the PDFs in remnant remnant
Q?; several approximations have been developed depending ¢ (a) (b)

the expected importance of the different terms in the perturI-:ig 1. (a) Gluon-ladder Feynman diagram. In DGLAP evolution, the final-state
batlve_ expansion. In the standard approach (DGI'[HH”, the . partons are ordered in transverse enetgy, > k2 =, > k2 ;. In BFKL, the
evolution equations sum up all Ieadlng double IOgamhms Irbartons are emitted without any orderingkin along the ladder, (b) Example
In Q2 - In1/x along with single logarithms in 192 and are  of Feynman diagram with-channel gluon exchange @(a?2).

expected to be valid fox not too small. At lowx, a better

approximation is expected to be provided by the BFKL formal-

ism [2] in which the evolution equations sum up all leading |, previous studies of forward jets in DIR2-14] the

double logarithms along with single logarithms in |1 data were compared to Monte Carlo simulations which model

' The DGLAP evolution equations have been' tested eXtenhigher-order parton emissions using the DGLAP approach.
sively at HERA[3-9], and were found to describe the data, hege models do not describe the data. However, it was possi-
in general, ey ‘Q’e”' In_particular, the striking rise of the q 14 optain a better description of the data by adding a second
measuredr, (x, 0%) at HERA with decreasing can be ac- . _orqered parton cascade on the photon side which is evolved
comodated in the DGLAP approach. On the other hand, thg .. ging to the DGLAP equations; this resolved-photon con-
inclusive character of’, together with the dependence of the yjp, ;1jon [15] leads to parton—parton scattering which can give
DGLAP predictions on thze ChOZICE of the input form of the yise tq the production of higlE; jets anywhere along the (dou-
non-perturbative PDFs g2“ = QO may obscure the underly- ey |aqder between the photon and the proton. The calcula-
ing dynamics at lowt. In order to prope _the parton dynamlps tions based on the Colour Dipole Model (CDVDB], which
atlow.x, measurements of the partonic final state that highlighf, | ge parton emissions not ordered in transverse energy, also
the differences predicted by the BFKL and DGLAP formalismsjaccribed the data. In a more recent anal{gjs fixed-order
were suggeste(d 0]. QCD calculations were compared to the data. The predictions

In the DGLAP formalism, the parton cascade that resultg,j) 1 gescribe the measurements in the most forward region at
from the hard scattering of the virtual photon with a parton;,,,, Er and Q2.

from the proton is ordered in parton virtuality. This ordering |, this | etter, measurements of differential inclusive jet cross
along the parton ladder implies an ordering in transverse eNse tions in deep inelastic scattering are presented in three dif-
ergy of the partonsEr, with the parton participating in the torant hhase-space regions, from the most global to the most
hard scatter having the highest transverse energy. In the BFKlosyictive region, where the contribution of events exhibiting

formalism, there is no strict ordering in virtuality or transverseggy | characteristics should be enhanced. A novel method is
energy (see-ig. 1a). Since the partons emitted at the bottomjn 4 ced (see Sectiap) to increase the sensitivity to addi-

of the ladder are closest in rapidity to the outgoing proton, they;ona| narton radiation in the forward region while extending
manifest themselves as forwéfdets. BFKL evolution predicts the region inx towards lower values. The jets were recon-
that a larger fraction of smatl events will contain highEr for- o4, ~taq using théy cluster algorithm{17] in the longitudi-

ward jets than is predicted by DGLARO,11] nally invariant modé18], instead of the cone algorithm used in
previous studie§12—14] which allows a reduction of the the-

> . . oretical uncertainty associated with matching the experimental

4 L6dz University, Poland, and theoretical jet algorithms. Inclusive jet cross sections were

43 } 6dz University, Poland, supported by the KBN grant 2 PO3B 12925. ] . 9 : J ;

44 syupported by the KBN grant 2 PO3B 12725. measured as functions of the jet transverse enﬂjﬁypseudo—

45 supported in part by the MINERVA Gesellschaft fiir Forschung GmbH, therapidity, 7!, and the event variable@? and x. The effects

Israel Science Foundation (grant No. 293/02-11.2), the US—Israel Binationq{)f higher-order terms in the parton cascade were exp|ored by

fé:lence Foundation gnd the Beno;ym F:enterfor High Ene.rgy Physics. . Comparing the data to fixed-order QCD predictions using cur-
The ZEUS coordinate system is a right-handed Cartesian system, with the t trisati f th t PDEs b d DGLAP

Z axis pointing in the proton beam direction, referred to as the “forward di-ren parametnsatons o € proton S based on

rection”, and theX axis pointing towards the centre of HERA. The coordinate €volution. In addition, the predictions of a |ea:ding'|093-rithm
origin is at the nominal interaction point. parton-shower model based on DGLAP evolution and those of
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an implementation of the colour-dipole model were also cominclusive as possible to keep the theoretical uncertainties small.

pared to the data. This region was defined by the conditions:
e 02>25GeV;
2. Theoretical expectations and phase-space definitions e y>0.04;
e E, > 10 GeV, whereE, is the energy of the scattered

positron;

For agivere™ -of- i . - -
or agivere™ p centre-of-mass energy/s, the cross section « at least one jet W|tIE'TEt - 6GeV and-1 < < 3.

for neutral current (NC) deep inelastip scatteringe™p —
et + X, depends on two independent kinematic variables,
which are chosen to b@? and the Bjérken scaling variable,
x, whereQ? = —¢? andx = Q?/(2P - q); P(q) is the four-
momentum of the incoming proton (exchanged virtual boson
v*, with V =y or Z°). Other variables used to define the
kinematics of the events are= Q2/(xs) andy;, defined by
cosy, = ((1—y)xE, —yE.) /(1= y)xE, + yE,), whereE),
(E.) is the energy of the incoming proton (positron).

Jet production in NC DIS a®(«?) proceeds viaV*q — _ et o
q; this process is referred to as being of quark-parton-model e at least one jet with & »/®' < 3 and 05 < (EQTz) <2.
(QPM) type. The hadronic final state consists of a single jet

emerging at polar anglg, and balancing the transverse mo-  The combination of the requirements > 90° and 6/t <
mentum of the scatteree” plus the remnant of the proton. gr suppresses the contribution from QPM-type events. This
The NLO QCD corrections 0D(«;) consist of one-loop cor-  phase-space region is expected to be dominated by multi-jet
rections to the procesg*q — g and the tree-level processes eyents. The enhancement of the contribution from multi-jet
of boson-gluon fusion (BGF/*¢ — g¢) and QCD-Compton  events is done without an explicit requirement on the number
(QCDC,V*q — qg). In BGF and QCDC, when the two final- of jets and, thereby, keeping events at low values: ofThe

state partons are sufficiently separated from each other, tr}%quirement or(EjEt)Z/QZ restricts the jet kinematics to the
hadronic final state consists of two jets plus the remnant of th?egion where the IQFKL effects are expected to be large

proton. A third phase-space region, called “forward BFKL”, was de-

_ The predictions of fixgd—order QCD calculgtions convolutedsigned to investigate events with a very forward-going jet and
W'th PDFs extracted_ using th? DGLAP e_qu:.altlons have the fOli/vas defined by requiring, in addition to the aforementioned
lowing features for inclusive jet production: a dominant CON-cts. at least one jet with 2 pi°t < 3.

tribution (O(a?)) from single-jet events witl#/® = 1, and a
O(a})-suppressed contribution from dijet events. Since at lo
values ofx the variabley, points toward the rear direction, the

. . e 1 t . .
production of forward (having positive values 9f) jets is  1a gata sample used in this analysis was collected with the
suppressed. In this region BFKL predicts a higher forward-jeb (g getector at HERA and corresponds to an integrated lumi-
cross section than DGLAP. This effect can be furtther enhancelqosity of 387+ 0.6 pb-L. During 1996-1997, HERA operated
. . . L. e . . ,
by suppressing the evolution @ by requmng(E'T )2~ 02 with protons of energy, = 820 GeV and positrons of energy

Experimental studies of QCD using jet production in NC ;' _ 575 Gev. A detailed description of the ZEUS detector
DIS at HERA are often performed in the Breit frafi®]. The . pe found elsewhefgd,22] A brief outline of the compo-

analysis presented here was instead performed in the laboratonX s that are most relevant for this analysis is given here.
frame for two reasons. First, such an analysis provides access t0 o4 ged particle tracks are reconstructed in the central track-
low valueg,t ofx: the requirement of a jet in the Breit frame with ing detector (CTD)[23], which operates in a magnetic field
agivenEy", would demand a larger fraction of the proton's mo- of 1.43 T provided by a thin superconducting solenoid. The
mentum than that of a jet (with the sarﬂé?t) in the laboratory CTD consists of 72 cylindrical drift-chamber layers, organ-
frame. It is noted that, in the Breit frame, the exchanged virdised in nine superlayers covering the polar-angle region<15
tual boson collides head-on with the proton and, therefore, thé < 164 . The transverse-momentum resolution for full-length
transverse momentum of a jet must be balanced by other jet(dfacks can be parameterised as$pr)/pr = 0.0058»7 &
Second, the application of the jet algorithm in the laboratory0.0065@ 0.0014/pr, with pr in GeV. The tracking system
frame benefits from the increased resolution for identifying jetsvas used to measure the interaction vertex with a typical reso-
in the forward region of the detector. Jet cross sections in thiution along (transverse to) the beam direction of 0.4 (0.1) cm
laboratory frame are theoretically well defined and NLO QCDand to cross-check the energy scale of the calorimeter.
calculations for such observables are well behd26il The high-resolution uranium-scintillator calorimeter (CAL)
To investigate the NLO QCD predictions in detail, three[24] covers 99.7% of the total solid angle and consists of
phase-space regions of inclusive jet production have been stuthree parts: the forward (FCAL,.& < 6 < 36.7°), the barrel
ied. The first region, called “global”, was designed to be agBCAL, 36.7° < 6 < 1291°) and the rear (RCAL, 12%° <

This phase-space region is expected to be dominated by
QPM-type events. The perturbative QCD predictions were cal-
culated up tad(«}) since the calculations of th@(«?) correc-
tions have not yet been completed.

A second phase-space region, called “BFKL", was defined
by the following additional conditions:

e COSy, <0;

V3. Experimental set-up
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0 < 176.2°) calorimeters. Each part is subdivided transversely  the total transverse energy in the CAL. This cut removed
into towers and longitudinally into one electromagnetic sec- cosmic rays and beam-related background;

tion (EMC) and either one (in RCAL) or two (in BCAL and e |X|> 14cmor|Y| > 14 cm, whereX andY are the impact
FCAL) hadronic sections (HAC). The smallest subdivision positions of the positron on the CAL, to avoid the low-
of the calorimeter is called a cell. Under test-beam condi- acceptance region adjacent to the rear beampipe;

tions, the CAL single-particle relative energy resolutions were e the energy not associated with the positron candidate within

o(E)/E = 0.18/+/E for electrons andr(E)/E = 0.35/VE a cone of radius 0.7 units in the pseudorapidity-azimuth

for hadrons, withE in GeV. (n—¢) plane around the positron direction was required to
The luminosity was measured from the rate of the brems-  be less than 10% of the positron energy. This condition re-

strahlung procesgp — ey p. The resulting small-angle ener- moved photoproduction and DIS events in which a part of

getic photons were measured by the luminosity mori2i, a jet was incorrectly identified as the scattered positron.

a lead-scintillator calorimeter placed in the HERA tunnel at

Z =-107 m. The kinematic variable®? andx were reconstructed using

a combination of the electron and double-angle (DA) methods
] o o [27], depending on which method gave a better resolution of
4. Data selection and jet identification the observed scattered-positron energy. The apgleas re-

constructed with the CAL using:

A three-level trigger was used to select events on28]. N2 2 \2
The NC DIS events were selected offline using criteria similarcosy;, = Qi pX”)Z + Qi py”)z —Q(E- pz)l)27
to those reported previous[#]. The main steps are outlined Qi px.)*+ Q pr.i)* + Qi (E = p2)i)
below. where the sum runs over all CAL cells, excluding those associ-

The scattered positron candidate was identified from the patted with the scattered positron.
tern of energy deposits in the CAL. TH and polar angléd,) Thekr cluster algorithm was used in the longitudinally in-
of the positron candidate were also determined from the CAlvariant inclusive mode to reconstruct jets in the hadronic final
measurements, after correction for energy loss in inactive mastate from the energy deposits in the CAL cells. The jet algo-
terial in front of the CAL. The following requirements were rithm was applied after excluding those cells associated with

imposed on the data sample: the scattered-positron candidate. The jet search was performed
in then—¢p space in the laboratory frame. The jet variables were
o the reconstructe@? > 25 GeV; defined according to the Snowmass convenf8]. Jet trans-

e a positron candidate of energy, > 10 GeV. This cut verse energies were corrected for all energy-loss effects, princi-
ensured a high and well understood positron-finding effipally in inactive material, typically about one radiation length,
ciency and suppressed background from photoproductiom front of the CAL. After these corrections to the jet transverse
events, in which the scattered positron escapes undetectgqergy’ events with at least one jet satisnyfﬁt ~ 6 GeV and

in the rear beampipe; —1 < n® < 3 were included in the global data sample. The

e the vertex position, determined from CTD tracks, in thegry and forward-BFKL subsamples were selected using the
range|Zvix| < 50 cm along the beam axis. This cut re- aqitional requirements listed in Sectian
moved background events from nep-interactions;

e 38< (E— Pz) < 65 GeV, whereE is the total energy mea-
sured in the CALE =), E;, and Pz is theZ component
of the vectorp = ), E;r;; in both cases the sum runs over
all CAL cells, E; is the energy of the CAL cell andr; is

5. Monte Carlo simulation

Samples of events were generated to determine the response
a unit vector along the line joining the reconstructed verOf the detector to jets of hadrons_ and to determine .the cor
tex to the geometric centre of the cellThis cut removed rection factors necessary to obtain the hadron-level jet cross

events with large initial-state radiation and further reduce€ctions- The generated events were passed througletke s
the background from photoproduction events: 3.13-based29] ZEUS detector- and trigger-simulation pro-

e v, < 0.95, wherey, = 1 — E/(1 — cosh,)/(2E,). This grams[22]. They were reconstructed and analysed by the same
e . ’ e — e e el

condition removed events in which fake positron candi-Program chain as the data. It was checked that the choice of pro-

dates from photoproduction background were found in théon PDFs used in the simulations was not critical: the effects on
ECAL: the acceptance corrections due to a different choice of proton

o yip > 0.04, whereyys = Y, E; (1 — cost;)/(2E,) calcu- PDFs (MRST9930]) were found to be negligible.

lated according to the Jacquet-Blondel metf28&], where Neutral current DIS events were generated using theTlo

the sum runs over all CAL cells except those assigned t(?'S'l program[31] mtherfaced to HERACLES 4:6'T [d32] V's
the scattered positron. Thgg variable is an estimator of DJANGOH 1.1 [33]. The HERACLES program includes pho-

which gives a good resolution at loyy ton _andZ exchanges and first-order electrowea_lk radiative cor-
CAL CAL CAL - rections. The QCD cascade was modelled with the CDM as
o pr -/ EFT < 3vGeV, wherepr™ is the total trans-  jmplemented in the AIADNE 4.08 program{34]; ARIADNE

verse momentum as measured with the CAL &@d- is  simulates the BGF process in addition. The CDM treats gluons



ZEUS Collaboration / Physics Letters B 632 (2006) 13-26 21

emitted from quark—antiquark (diquark) pairs as radiation from  the acceptance-correction factors. The difference in the cor-
a colour dipole between two partons. This results in partons that  rected cross sections between usingIADNE and LEPTO

are not ordered in their transverse momenta. Samples of events was taken to be the value of systematic uncertainty;

were also generated using the model afPiro based on first- ¢ the choice of reconstruction method for the kinematic vari-
order QCD matrix elements plus parton showers (MEPS). For ablesQ? andx. The difference in the corrected cross sec-
the generation of the samples with MEPS, the option for soft-  tions between using the electron and double-angle methods

colour interactions was switched d85]. In both cases, frag- was taken to be the value of systematic uncertainty;

mentation into hadrons was performed using the Lund string e the biases introduced by the selection cuts. The uncertainty
model[36] as implemented inEITSET7.4[37]. The CTEQ4M due to the selection requirements was computed by varying
[38] proton PDFs were used for all simulations. the values of the cuts in data and MC. The largest effects

The jet identification was performed using the simulated en-  were due to the cuts on jet transverse energy and hadronic
ergy measured in the CAL cells in the same way as for the data. angle.
The same jet algorithm was also applied to the final-state par-
ticles and to the partons available after the parton shower; the These systematic uncertainties were added in quadrature.
jets found in this way are referred to as hadronic and partoni@he absolute energy scale of the jets in data events was varied
jets, respectively. by its uncertainty of 3%40]. This uncertainty is highly corre-

Electroweak-radiative and hadronisation effects are not dated between measurements in different bins and is therefore
present included in the fixed-order QCD programs describetteated separately. The largest contribution to the overall sys-
in Section7. Therefore, samples of Monte Carlo (MC) eventstematic uncertainty was due to the uncertainty in the jet energy
were generated with and without electroweak-radiative effectscale, which averaged about 5%, but could reach values as high
so that the data could be corrected. The samples withowts 20%. The second-largest contribution was due to the choice
electroweak-radiative effects were used to correct the QCD cabf parton-shower simulation, which had effects on the corrected
culations for hadronisation effects. Since the measurements reross section generally below 5%; in the most restrictive phase
fer to jets of hadrons, whereas the QCD calculations refer t@pace, however, tthTEt, x and 02 bins with the fewest events
partons, the predictions were corrected to the hadron level ugrad large systematic differences. The uncertainty in the lumi-

ing these MC samples. A multiplicative correction facOfad,  nosity determination of 1.6% was not included.
was defined as the ratio of cross sections for jets of hadrons

over that for jets of partons, and was computed with the MC

programs. The factor applied to the predictions was the avera .

of the correction factors obtained withrAADNE and LEPTO. ¥ QCD caleulations
The uncertainty on the hadronisation correction was taken to be
the absolute difference in the correction factors obtained with

ARIADNE and LEPTO. The measurements were compared with QCD predictions
evaluated using the programi€ENT [41]. The calculations
6. Acceptance correctionsand systematic uncertainties were performed in théMS renormalisation and factorisation

schemes using a generalised version of the subtraction method

The ARIADNE MC samples of events were used to compute[41]. The number of flavors was set to five; the renormalisation
the acceptance corrections. These correction factors took infg g) and factorisationy r) scales were both setjor = ur =
account the efficiency of the trigger, the selection criteria, and); «, was calculated at two loops usirlg]fj_)S = 226 MeV,
the purity and efficiency of the jet identification, and were gen-which corresponds ta, (M) = 0.1180. The CTEQ®42] pa-
erally between 0.8 and 1.2. The inclusive cross sections for jetemeterisations of the proton PDFs were used. The results ob-
of hadrons were determined by applying bin-by-bin correctionsained with DSENT were cross-checked using the program
to the measured distributions. This approach is valid if, for suf-DisasTer++ [43]; the differences were found to be less than
ficiently smooth densities, the distributions in the data are wellL9s in most cases, and never exceeded 3%.
described by the MC simulations at the detector level. This con- DsenT allows calculations that sum up to two orders of the
dition was in general satisfied by botrRADNE and LEPTO.  perturbation series. In the global phase-space region, the sam-
Detector resolutions fo@?, €t and E’ft were 5%, 10% and ple is dominated by single-jet events. Therefore, theENT
20%, respectively. Bin widths were chosen to be at least twic@redictions in this region were calculated using the diagrams
the size of the detector resolution. TheArTo MC samples  with O(a?) and(’)(axl). In the BFKL and forward-BFKL phase-
were used to compute the systematic uncertainties coming frospace regions, the samples consist of multi-jet events, and so the
the parton-shower simulation. DISENT calculations were computed using terms V\[[ﬂ(\a})

A study of the main sources contributing to the systematiand O(asz). Perturbative QCD calculations él(asz) can give
uncertainties of the measurements was perforf86fi These rise to forward-jet production at low through diagrams such
sources were: as that shown ifrig. 1b, but noEr-ordering is explicitely im-

posed among the three final-state partons.
o the parton-shower simulation. The effect of the treatment of The following sources of theoretical uncertainties were con-
the parton shower was estimated usirgplroto evaluate sidered:



22 ZEUS Collaboration / Physics Letters B 632 (2006) 13-26

e the choice of renormalisation scale. The uncertainty in theandx values. However, at low values of these variables, the cal-
calculations arising from the absence of higher-order termsulations underestimate the data, and:fiSedistribution is not
was estimated by varyingz by a factor of two up and described, particularly at high values@$!. This excess of the
down. The effect on the calculations is between 5 and 50%glata with respect to the calculations can be due to the absence
depending on the phase-space region; of higher orders, since these calculations are @{y,). The

e the uncertainties in the proton PDFs. The effect of thesesmall uncertainty coming from the variation pf; is not ex-
uncertainties in the calculations was estimated by repeatingected to be a reliable estimate of the contributions from higher
the calculations using 40 additional sets from CTEQ6. Theorders: contributions from gluon exchange in thehannel (as
resulting uncertainty was always below 5%; shown inFig. 1b), which become dominant at low[45], ap-

o the choice of factorisation scale. The uncertainty in the calpear only at higher orders, but their effects cannot be inferred
culations was estimated by varying- by a factor of two  from scale variations of the (lower) terms considered in the cal-
up and down. The effect on the calculations was usuallyculation.
less than 5%, except in the global phase-space region where

it contributed a 20% uncertainty at law 8.2. The BFKL phase-space region
e the value ofa;(M7). The uncertainty in the calculations
due to that onw,(Mz) was estimated by varying; (Mz) The measurements in the BFKL phase-space region are pre-

within its uncergainty[gm]._ The effect on the calculations sented irFig. 3. The shape of the cross section as a function of
was less than 5% (10%) in the global (BFKL) phase space,jet is steeply falling in the forward region due to the restriction
on y;,. The predictions of RIADNE describe all data distribu-

Each source of uncertainty was varied independently to dejons well. The predictions of EpTofail to describe the data,
termine the effect on the NLO calculation. The uncertalntle%specia"y in theyi®t distribution and lows region.

arising from the choice of renormalisation and factorisation rived-order QCD calculations, which a@(«?2) in this
scales and the uncertainty arising from the variatioaofvere ’

combined in quadrature phase-space region, describe the data well#r E"T‘3t and

x, but underestimate the data at high values)8f This dis-
agreement is concentrated in a region where the cross section
is small, and so it is not reflected in the other distributions. The

) ) o uncertainty of the calculations due to the absence of higher or-
The measurements of cross sections differentiad iwhere  gers is larger than before, and is a more realistic estimation than

ic i et 52 i . .
X is ), 7, Q% or x, are presented in the three phase-spacg, the global phase-space region: in the present case the cal-
regions. The measured cross sections were corrected to hadrgfyation is O(a2), which contains the first contribution from

8. Resaults

level by the formula: 7-channel gluon-exchange diagrams (&g 1b).
had  /NOQED These features were investigated by comparing the LO
<d_‘7> _ Npaa  Nuc  Nuc (O(al)) and NLO (O(a?)) calculations: (a) the scale varia-
dX Jhag L-AX NS NP tion of the NLO calculation is reduced with respect to that of

the LO calculation (not shown) for the cross sections, except

where AX is the bin size,Npata are the numbers of data for 44 /4y in the regionyi® > 1 and fordo/dx at low x,

- - - cronhad (vdety a : . )
events, £ is the integrated luminosityNye" (Nyc) is the  \here it is larger; (b) in these regions the NLO corrections are

hadron- (detector-)level MC distributiorN,\(ﬁgD (N,\'}l%QED) is  largest and the ratio NL@ O reaches values as large as five
the hadron-level MC distribution generated with (without) QED for 5/®t ~ 3. The large increase of the cross section from LO to
radiation. ) NLO at low x and Iargenjer is associated with the contribution
The cross sections as functionsigtt andE’;Jt are measure- from 7-channel gluon-exchange diagraf#]. The sizeable
ments of every jet in the event, whereas the cross sections gsale variation at NLO arises from the fact that such contri-
functions of Q2 andx are event cross sections for the events inbutions come from tree-level diagrams with three final-state

the inclusive jet samples. partons and, as a result, the calculation accounts in an effec-
tive way only for the lowest-order contributida6]. Thus, the
8.1. The global phase-spaceregion cross-section calculations at lowand largen/®t are expected

to be subjected to large corrections from higher-order terms.

The measurements in the global phase-space region are pre-
sented inFig. 2 The cross section as a functiongf! is sup- ~ 8.3. Theforward-BFKL phase-space region
pressed in the forward region (higff!) due to the lower cut on
y. The measurements spawvalues between 0.00074 and 0.24.  The measurements in the forward-BFKL phase-space region
The MC predictions and fixed-order QCD calculations areare presented ifrig. 4 Events exhibiting BFKL effects are
compared to the data Fig. 2 The prediction of RIADNE de-  expected to be dominant in this phase-space region. The predic-
scribes all data distributions well, whereas the predictions frontions of ARIADNE describe the data well, whereas the predic-
LepPTOare slightly worse, especially at the lowestalues. The  tions of LEpTOfail in all distributions. Fixed-order QCD calcu-

fixed-order QCD calculations describe the data at mg’ﬁ 02 lations are consistently lower than the data&i{ﬁt andQZ2. The
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Fig. 2. Differential cross sections (dots) in the global phase space for inclusive jet production in NC DIS'Z%&hG GeV,-1< niet <3,0?%> 25 Ge\ and

y > 0.04 as functions of (az)iEt, (b) Ejﬁt, (c) 02 and (d)x. The uncertainties are generally smaller than the markers; where visible the thick error bars represent the
statistical uncertainty and the thin error bars show the statistical and systematic uncertainties added in quadrature. The uncertaintyuie thecatpgaicale of

the jets is shown separately as a shaded band. The calculations of CDM (dashed lines), MEPS (dotted lifes))@@ED calculations (solid lines) are shown.

The lower part of each plot shows the ratio of data to the QCD calculations and the theoretical uncertainties.

calculations describe the measurement as a functiombhigh ~ diagrams, which represent the lowest-order term of the expan-
values, but underestimate the data in the lovegion by nearly  sion that leads to the BFKL resummation. The increased scale
a factor of two. The features observed in the comparison of LQvariation at NLO, which is larger by nearly a factor of two than
and NLO calculations in SectioB.2 are more dramatic in the that in the BFKL phase-space region, highlights the need for
present case: (a) the scale variations of the NLO calculationisnproved calculations.

are larger than those of LO calculations everywhere except at

high x; (b) the NLO corrections are large everywhere except a. Summary

high x and the ratio NL@LO reaches values as large as ten at _

low x. The increase of the cross section calculations from LO Measurements of differential cross sections E!ﬁt, e,

to NLO, which brings the predictions closer to the data, is asp?2 and x for inclusive jet production in neutral current deep
sociated with the contribution fromchannel gluon-exchange inelastic scattering have been presented using 387 pb
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Fig. 3. Differential cross sections (dots) in the BFKL phase space for inclusive jet production in NC D|SJ7V\}IE¥]6 GeV, 0< nle‘ <3,02>25Ge\?, y > 0.04,
cosy, < 0and 05 < (EJEt) /Q2 < 2 as functions of (a);l‘at (b) E'et (©) 02 and (d)x. The O(wy) (dot-dashed lines) ar@(a?) (solid lines) QCD calculations
are shown. Other deta||s are as in the captiohitp 2

ZEUS data. The low region has been probed for events with A large excess of the data over the fixed-or@@(c,)) QCD

02 > 25 GeV\ and at least one jet WltlliJe > 6 GeV. Three calculation is observed in the global phase-space region at high
phase-space regions have been stud|ed one inclusive regigff! and lowx. This excess cannot be accomodated within the
(global phase space), one with an additional requirement oaxperimental and the estimated theoretical uncertainties. How-
the hadronic angle of the eve@tosy;, < 0) and a more lim-  ever, the size of the higher-order terms might be underestimated
ited window of jet pseudorapldlty (@ p* < 3), as well as the  since the scale variations cannot reflect the contributions from
requirement b < (EJe )2/ 0? < 2.0 (BFKL phase space), and 7-channel gluon-exchange diagrams, which are expected to be-
finally the more restncted region with 2 5/ < 3 (forward  come dominant at low.

BFKL phase space). The restrictions imposed in the BFKL In the BFKL phase-space region, the fixed-ord@(asz))
phase-space regions enhance the multijet contributions witho@CD calculation gives, in general, a good description of the
restricting the transverse energy of the parton(s) close to théata except for®t > 2, where an excess of the data over the
hard scatter. prediction is observed. In this phase-space region, the NLO
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Fig. 4. Differential cross sections (dots) in the forward BFKL phase space for inclusive jet production in NC Dlé,%ithﬁ GeV, 2< nje‘ <3,02>25Ge\?,
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are shown. Other details are as in the captiofitp 2

QCD corrections significantly reduce the scale variation of thecross sectionsz;icr/dEJ%at and do/d 02, but fails to describe
predicted cross sections with respect to a LO calculation, exthat of do/dx. The restriction to the region 2 7'®' < 3 en-
cept fordo /dn/® in the regionj® > 1 and fordo /dx at low x. hances the contribution fromchannel gluon-exchange dia-

In these regions, the NLO corrections, which account for thegrams, which increases the NLO prediction by up to a factor
lowest-order contribution from-channel gluon-exchange dia- of ten at lowx with respect to a LO calculation and brings it
grams, are largest and bring the calculations close to the dateloser to the data. The variation of the calculations with the
However, the strong dependence of the calculations with theenormalisation scale is large, emphasizing the need for higher-
renormalisation scale is indicative of the importance of higherorder calculations. The improved description of the data in this

order terms in these regions.

In the forward-BFKL region, the fixed—orde;@(asz)) QCD

calculation describes the shape of the measured differentigdnce of such terms in the parton dynamics at low

region achieved by accounting for the lowest-order contribution
from 7-channel gluon-exchange diagrams, highlights the impor-
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