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1. Introduction

After the end of the HERA data taking in June 2007, the two collaborationsHZBUS are
finalising their analyses using the full available data statistics. The main gta @halyses is a
deeper understanding of QCD and in particular of the proton parton distnibfunctions (PDFs).
The best possible determination of the proton PDFs is a hot topic at the mouoestat ttheir impact
on the predictions of cross sections at the LHC. The HERA data coveemkitic region in Bjorken
x corresponding to the rapidity plateau for the LHC processes. Therafprecise measurement
of the proton PDFs in the HERA region provides through DGLAP evolutimueste PDFs for the
LHC regimes.

The cross sections of inclusive neutral- (NC) and charged-cuf@® deep inelastic scatter-
ing (DIS) interactions provide an accurate determination of the valendegharsea-quark content
of the proton, as well as of the gluon. A further improvement of the utaledsng of the proton
PDFs comes from other more exclusive QCD processes, like jet ang fi@aour production. The
study of such processes allows on one hand to test theoretical preglistiead on fits from inclu-
sive data only. On the other hand, as also those measurements aregeachig high precision,
they can provide important input to the QCD fits.

For this reason, the H1 and ZEUS collaborations are combining their resatidanto achieve
the best possible precision of the measurements. In this r¢port [1] diseletthe most recent
results from ZEUS and from the H1 and ZEUS data combination are brieftysied, with the
main focus on inclusive NC and CC DIS cross sections, jet and heawuflgroduction. For a
more detailed description, the individual contributions are available in tresegdings.

2. Inclusive measurements

2.1 Combined H1 and ZEUS inclusive HERA | cross sections and PDFs

Inclusive NC and CC DIS cross sections are measured at HERA intoraeestigate the pro-
ton structure and determine the proton PDFs. The H1 and ZEUS collabarhtea published][2]
the combination of the cross sections extracted from the HERA | data (calleetereen 1994 and
2000). The kinematic range of the NC data extends frorh06’ to 0.65 in Bjorkenx in the neg-
ative four-momentum squared rang€45 < Q? < 30000 GeV and inelasticity valueg between
0.005 and ®5. The CC data cover the rang®03< x < 0.4 and 300< Q? < 30000 GeV for y
between 0.037 and 0.76.

The combination of the data sets was done using aninimisation method[[2]. The(?
function takes into account the correlated systematic uncertainties fa-section measurements
thus achieving a reduction of the systematic uncertainties in addition to the sthtisticéal 1402
data points are combined to 741 cross-section measurements. The datgositbeonsistency,
with x2/ngof = 6365/656 and the distribution of pulls shows no tension for all processes in the
whole kinematic plane. In total 110 sources of correlated systematic uintegaincluding global
normalisation, characterise the separate data sets.

The combined cross sections are everywhere significantly more preaisthéhindividual
measurements. The total uncertainty of the combined measurements is typicdlgr snaa 2%
for 3 < Q2 < 500 GeV and reaches 1% for 20 Q2 < 100 Ge\~.
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Figure 1: Left: HERA combined NGe' p reduced cross section and fixed-target data as a functi@? of
compared with SM predictions based on the HERAPDF1.0. Riggttproduction at DO compared with
theoretical predictions obtained using the HERAPDF1.0.

In Fig.[d thee™ p NC reduced cross section, f@¢ > 1 Ge\?, is shown as a function @? for
the HERA combined* p data and for fixed-target data across the whole of the measured kinematic
plane. The figure shows the very good precision of the data in the regiotiomed before. The
data are compared with Standard Model (SM) predictions based on th&IPIEIRL.0 PDF set
(described below) which describe the data well.

The HERA data have been used as the sole input to extract the HERAPPBE.Set [R]. The
fit was performed using the general-mass variable-flavour-numbenscbf Thorne and Roberts
(RT-VFNS) [3]. A minimum@? cut of 35 GeV? was imposed to remain in the kinematic region
where perturbative QCD is expected to be applicable. The data at ttermine the sea quark
and the gluon distribution while the combination of NC and CC data at agmnstrains the up
and down valence quark distributions. The consistent input data allownks # be determined
with an experimental uncertainty corresponding to an increagé of 1.

Due to the accuracy of the input data, the HERAPDF1.0 PDFs have aipreofsthe order
of a percent in the medium+egion, corresponding to the rapidity plateau region for the LHC
measurements. To test the goodness of these PDFs in a kinematic regiovereticby the data
used to extract them, theoretical predictions for jet production at thdéréemaave been produced.
The description of the data obtained for i.e. jet production affP0 [4] is ga®dhown in Fig]1.

Figure[l also illustrates where the inclusion of the HERA Il data (collecteddeet2003 and
2007 and corresponding to an increase in statistics of a factor threahpeosve the picture. In the
regions at highQ? and highx the uncertainty is dominated by the available statistics, and therefore
the inclusion of the HERAII NC and CC cross sections represents valirghlé for the better
determination of the proton structure in this region.
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2.2 New HERAI results

The analyses of NC and CC DIS processes based on the full HERAdIsganple by the
ZEUS collaboration are ongoing. The CC DIS cross sections have enmined using the
full HERA statistics, the latest result being the publicatifin [5] of the measurebeesed on the
et p data sample collected in 2006—07, corresponding to a luminosit¢ of 132 pbl. The
kinematic region of the measurement is 20@? < 60000 GeV, 0.006 < x < 0.562. Differential
and reduced cross sections were measured: the CC DIS reducedection plotted as a function
of xin differentQ? bins is shown in Figf]2. The data are well described by SM predictionslluase
the HERAPDF1.0 and on other PDF sets. The charged current redrassisections are sensitive
to the different quark types in the proton: Fi§j. 2 shows also the contributiboitie cross sections
coming fromu- andd-type quarks. These data will provide useful input at h@@ghandx once
included in the PDF fits, in particular for tltequark valence distribution.
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Figure 2: Left: the CC DIS reduced cross sections plotted as a funofiain differentQ? bins compared to
SM predictions based on different PDFs. Right: the douldferdintial cross sections for NE p scattering
compared to SM expectations evaluated using the CTEQ6D PDFs

The NC DIS cross sections at hig)f are also sensitive to the proton structure in the high-
region. New preliminary results were presenfdd [6] using the full HERA f data sample, corre-
sponding to an integrated luminosity 6f = 187 pb 1. The analysis relies on the presence of jets
expected in high®? events and a new method is used to reconstcweith improved resolution.
The kinematic region investigated @ > 400 Ge\f and extends up t® ~ 1. The double differ-
ential cross sections as a functionxdh differentQ? bins are shown in Fid] 2. The measurements
are well described by the SM predictions and have the potential to consteaDFs at higkx.

The measurement of the NC DIS cross sections in the@vand highy region is also very
interesting in order to test QCD predictions, since in this region the effetteotongitudinal
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structure functionf, is most relevant. The ZEUS collaboration has presented new preliminary
results [[7] in which the NC cross section at higihas been measured down to a lov@rwith
respect to the previous publicatid [8]. Neutral current DIS crostmes were measured at three
different centre-of-mass energiggs = 318 251 225 GeV. The use of events in which the vertex
was shifted in the proton beam direction allowed to measure cross sectioN€ fDIS down to

Q? > 4.5 Ge\ for \/s= 318 GeV. The data, which are well described by SM predictifins [7], will
provide valuable input once used in the PDF fits.

3. Jet production

The measurements of jet cross sections have been proven to be a wenfybdool to test
QCD and to provide a better insight into the proton structure, in particular ietglton distri-
bution in the medium- to high-region [§]. Moreover, jet measurements allow the determination
of the strong coupling constartdg, and the test of its running behaviour. The effort of the ZEUS
collaboration is to publish jet cross sections using the full available HERAsdagle, both in the
DIS and photoproductiorQ? ~ 0) regimes.

Three new results have been presented at DIS 2010 for jet prodirctizi$ and in the pho-
toproduction regime. In the DIS regime, preliminary results on inclusive jedystion [1D] and
final results on inclusive dijet productiop [11] in the regi@f > 125 Ge\f have been shown. The
preliminary measurement uses the full HERA Il data samgfe={ 300 pb 1), while the published
dijet data use the full data sample collected &= 318 GeV (¢ = 374 pb1). Figure[} shows
the differential cross sections for inclusive jets and dijets production irDN&as a function of
Q?. The data are compared with next-to-leading order (NLO) QCD predictibhe data, which
have very good precision, are well described by NLO QCD, which isaffected by small uncer-
tainties, dominated by the terms beyond NLO. These measurements have titpiteonstrain
further the proton PDFs.

In the photoproduction regime, a new preliminary result on inclusive jetymion [12] has
been presented based on an integrated luminosify ef 189 pb . Jets were reconstructed having
transverse energl,TLjTEt > 17 GeV in the pseudorapidity regionl < n®t < 2.5. Cross sections
were determined and compared to NLO QCD predictions. In general, thelelstaption by the
theory was good for high enough jet energy (narrE%f;t/> 21 GeV). At lower jet energy the data
description by the theory was less satisfactory. A possible interpretatithre affect in terms of
non-perturbative contribution has been propogel [12] but the proteieains open for discussion
and is relevant also in the context of the measurements that will be perfatntiesl LHC.

All the measurements discussed above were performed usirky thkgorithm [13] for jet
reconstruction. I pcollisions this algorithm, which is infrared and collinear safe, has beereprov
to have a good performance providing small theoretical uncertaintiesaaindrtisation corrections.
As the definition of a jet depends on the algorithm used to reconstruct itferesting question is
how much the measurements of the jet cross sections amgduaf actually depend on the particular
jet algorithm used. The problem is very relevant also for the LHC, antgcsome work has been
performed on the theory side in order to provide the experiments with collarehimfrared safe
jet algorithms.
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Figure 3: Differential cross section as a function@f for inclusive jets (left) and dijets (right) production
in NC DIS, compared with theoretical predictions from NLO QC

Two of these new algorithms, arki- [L4] and SIScone[[15] were tested at ZEUY [16]. The
performance of the algorithms was tested in the well-understood hadrooeddNC DIS process
by comparing measurements based on the new algorithms with those basedparhkdy com-
paring the data and the QCD predictions. The performances of the tharéhatys were found to
be very similar. The ratios of the cross sections measured using difdgamithms were evaluated
in order to study the algorithms performances. Inclusive-jet cross ssatem be calculated only
up to @(a?) using the currently available programs. However, differences beteress sections
using different algorithms can be calculated ugt@?) using NLOJET++[[1]7], and this allowed
to evaluate the ratios of cross sections using different algorithms @igdg) in NLO QCD. The
measured ratios were very close to 1 and were well described by QCDd@ifof$). The results
demonstrated the ability of the QCD calculations to account adequately faffdrences between
the jet algorithms in this particular regime. This is the first test on real data gkttiermances of
these new jet algorithms.

3.1 Measurement ofas

The new inclusive-jet measurements in NC DI [10] and photoprodudii#hvwere used to
extract the value of the strong coupling constagtand to test its running behaviodr J10]. In
the DIS regime the NLO QCD fit included the data wif > 500 Ge\ in order to reduce the
theoretical uncertainty, while in photoproduction only the events Eiﬁh> 21 GeV were used for
the reasons indicated above. In the fit for the extractioas0f1z), the running ofas as predicted
by QCD was assumed. Both in DIS and photoproduction the experimentitaimty is dominated
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by the jet energy scale while the theoretical uncertainties are dominated teyrtieebeyond NLO.
Very precise values of the strong coupling were obtaified [10].

The scale dependence @f was determined by a NLO QCD fit to the same datats ®&alue
was extracted at each mean valueEﬂ}ﬁ* measured without assuming the runningoef Figure[#
shows the dependence @f on the scale as extracted from the DIS and the photoproduction data.
In the figure the inner shaded area represents the correlated systemcatiainties and the outer
shaded area represents the correlated and theoretical uncertaidgesmduadrature. The solid
line indicates the renormalisation-group prediction at two loops obtained thierms(Mz) value
determined in the analyses. The measurements are consistent with the gredioiag ofas over
a wide range of the scale.
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Figure 4: Summary of the runnings values extracted from the ZEUS jets data in DIS and photaprtiah.

4. Heavy flavour production

The measurement of charm and beauty production at HERA is a stringéof fgerturbative
QCD and can provide information on the structure of the proton. Heavgutaproduction in
epcollisions, in fact, proceeds mainly through the boson-gluon fusion psogg — Qdand can
therefore provide insights into the gluon content of the proton. Moretweappropriate treatment
of heavy flavours is an important ingredient of the PDF fits. The studgafy flavour production
at HERA is therefore also a testing ground for the different fit scheme $oa the PDF dependence
on theoretical parameters such as the heavy-quark masses.

The goal of the HERA experiments is to provide results based on the fillhbleastatistics in
order to extract the charm and beauty contributions to the proton strdctationF, Fféandeb,
and to perform the most possible stringent tests of QCD for heavy fla@duction. At ZEUS
the analysis of the HERA Il data is mostly important, since the use of the vertegtdg installed
in 2000, allows a more efficient heavy-flavour tagging and thereforechnmproved precision of
the results.



Recent results from the ZEUS experiment Monica Turcato

4.1 Charm production

New preliminary result§]18] oB* production in DIS based on a data samplef= 323 pbt
were presented. The measurement improves significantly the previousighmdD " result [19]
due to a three-fold increase in statistics and to the improved data reconstrudtie investi-
gated kinematic region was5.< pr(D") < 15 GeV, |n(D*)| < 1.6, 5< Q? < 1000 Ge\?
and 002 <y < 0.7. The number oD mesons available in the analysis was7200. Dif-
ferential cross sections were determined and compared to perturba@iRep@edictions based
on the HVQDIS [2P] program, which performs calculations in the fixedeflanumber scheme
(FFNS) [21]. Figurd]5 shows the differential cross section as a fumdfithe transverse momen-
tum of theD™ meson, compared with NLO QCD predictions and with the previously published
ZEUS result. The reduction of the statistical and also of the systematic untiegds clearly vis-
ible in the figure. Moreover, the data points have better precision than t@eQLD predictions.

These new measurements were used to exEg&cthe charm contribution to the proton struc-
ture function. The extraction was performed using the NLO calculations in the FFNS. @lie n
points are shown in Fig] 5, compared with the combined H1 and ZEY§23].

The H1 and ZEU$2‘fwas obtained by combining several different measurements performed
at H1 and ZEUS usin® meson production, semi-muonic decays of charm as well as charm tagging
based on inclusive track measurements with lifetime information. Also for theio@shbesult the
extraction ofF$° from the cross sections was performed using NLO calculations in the FFNS.
data used cover the kinematic range 2 < 1000 GeVf and 10° < x < 101, The combination
method is the same used for the combination of the inclusive cross sectierSgsE2]1) and, by
taking into account the correlations of the systematic uncertainties, prandegproved accuracy.

A precision of 5- 10% is reached for the combined results.
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Figure 5: Left: differential cross section fap* production in DIS as a function of the transverse momentum
of theD™ meson. Right: combined H1 and ZEW$® (black dots) andr;© extracted from the new ZEUS*
measurement (red squares) compared with the predictiomsNL.O QCD (band) using the HERAPDF1.0.

This good accuracy can still be improved by including the new HERA lllitefwm ZEUS, as
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i.e. those fronD* production, which are not yet in the combination. Figyre 5 shows the coahbine
cmc_compared with the NLO QCD predictions obtained using the HERAPDF1.0 Ritkish do
not include the charm data. The data description by the theory is redgguainl. By comparing
the combinedzzcc_ with different predictions based on recent QCD fits to global scatteritaita
can be noticed that in most of ttie, Q%) plane the data are more precise than the spread observed
in the theoretical prediction§ [22].

TheFS* data represent therefore valuable constraints on the theory of haasyifiproduction
in DIS, and they have indeed been included in the QCD fits [23]. A modifiesiom of the
HERAPDF1.0 was obtained by including in the fit the combined H1 and ZEJFSdescribed
above. However, the HERAPDF1.0 used a specific heavy-quark miasms — the RT-VFNS (see
Sect[2]1). The new fit including the charm data was performed usingigatifierent heavy-quark
mass schemes and various values of the charm-quark mass. The resu#d #iat the charm data
are sensitive to the value of the charm mass and the choice of heawmass scheme. This has
consequences for predictions of ieandZ cross sections at the LHC. A larger charm mass, with
respect to that used in the HERAPDF1.0 fitg8 instead of ¥4 GeV), means suppressed charm at
threshold and thus the lighter quarks are enhanced to compensate. stiis e a 25% higher
W, Z cross section fom; = 1.65 GeV as compared o, = 1.40 GeV [23]. This indicates the
importance of the charm data to test the heavy quark schemes and masseRDi-tfit and will
be subject of further studies.

Another measurement which is interesting
also in the context of thd=;° extraction ZEUS

has been recently publishedl [24] by the c<>‘ 10;‘{‘ E
ZEUS collaboration. The production &f" 8 F . » .
hadrons in DIS has been studied using a < f * ZEUS D+12° pb1
C R -

data sample of# = 120 pbl. Events £ ZEUS D" 65 pb

S 1 —— HvaQDIS 3
were selected where the charmed hadronsr\ F 1 E
decayed into a neutral strange particle. This @ |
allowed the suppression of the combinato- et | 1
. : ©
rial background and thus the exploration of — ;-1 -
the very low pr(D") region for the first -8 c ]
time at HERA. The kinematic region of - 34 1
the measurement is9 pr(D™) < 10 GeV, I ' 1
In(D")| < 1.6, 15 < Q% < 1000 Gef and 1070123456789 100
0.02<y < 0.7 and therefore extends down pﬁ(D*) (GeV?)

to very low transverse momentum of the

produced charm quark. The total visible Figure 6: Differential D* cross section as a function
and differential cross sections were mea- of pf(D") (dots) compared to a previous ZEUS re-
sured and compared to NLO QCD predic- sult [@] (triangle) and to NLO QCD predictions from

tions evaluated using HVQDIS. HVQDIS.

The differential cross section as a functiongf(D*) is shown in Fig[ and compared to a
previous ZEUS resulf]?5] and to NLO QCD predictions, which descrikeeddta reasonably well
within the experimental and theoretical uncertanties.
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This kind of measurement is important since the extractioRséfrom differential cross sec-
tions always implies an extrapolation to the full transverse momentum regioe ohtdrm quarks,
which is usually not fully covered by the measurement. As the extrapolatioonis dsing NLO
QCD, itis important to check that the calculations are able to reproduce theaoan to very low
pr of the charm quark.

4.2 Beauty production

A new result on beauty production in ZEUS

DIS was presented [P6]. The analy-
sis is based on a data sample.#f=
354 pbl. Events were selected with
a jet in the final state and beauty pro-
duction was tagged on a statistical ba-
sis, by looking at the significance of
the secondary vertex associated to the
jet. This inclusive method, in which no
semi-leptonic decay is needed in order 1
to identify beauty production, allowed
to select a very large beauty sample.
The investigated kinematic region was
5< Q%< 1000 GeV, 0.02 <y<07 o
Ef'> 5GeV and —1.6 < niet< 2.2, Er (GeV)
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Differential cross sections were mea- g zg

sured and compared to the predictions & 15?}{ T . J—
of NLO QCD evaluated in the FFNS = S T

with the HVQDIS program. The dif- ;zg O o152 % 3 3

ferential cross section as a function of EF (Gev)
EF'is shown in Fig[J7. The data have

reached a very good precision, better
than that of the QCD predictions at

NLO. This data will be used to extract

the beauty contribution to the proton

structure functiori, F°.

Figure 7: Differential cross section for beauty pro-
duction in DIS as a function of the transverse momen-
tum of the beauty jeE"*', compared with NLO QCD
predictions.

5. Diffraction

A NLO QCD analysis[[37] was performed on ZEUS diffractive inclusivessr sections and
diffractive dijet production in DIS in order to determine the diffractivetpardistribution functions.
The inclusive data were first fitted alone and then in combination with the jet @atg the region
Q? > 5 Ge\? could be fitted within the combined framework of DGLAP evolution and proton-
vertex factorisation.

10
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The NLO QCD predictions based on the diffractive PDFs extracted freamnitiusive data
give a good description of the inclusive and dijet data, but the sensitivitiyget@luon density is
enhanced when the dijet data are included in the fit. The use of both datdl@etsthe extraction
of the quark and gluon densities with good accuracy.

The quality of the extracted parton densities was tested by using them incongdiieoretical
predictions for data not included in the fit. These predictions were ablesride fairly well
diffractive charm production. The description of jet production in ppodduction was also good
over the full kinematic region. Therefore, no hint for suppression efrésolved component was
observed.

6. Conclusions

A summary of some of the most recent results of the ZEUS collaboration keagiesented.
The emphasis has been put on the recent progresses on the urdiegstdrthe proton structure
and of QCD in general.

The combined H1 and ZEUS inclusive cross sections provide a verisprieput to the QCD
fits over a large phase-space region. The HERAPDF1.0 PDF set wersnileed using as sole
input the HERA data. Theoretical predictions based on these PDFs bawepboven to be able
to reproduce data over a larger kinematic range, like for example jet gtioduat the Tevatron.
Possible improvements in the regions of the phase space that are now lless/ered have been
discussed, in terms of inclusive, jet and heavy flavour measurements.

The HERAII data provide a larger statistics which will allow to improve the piegi®f
the inclusive measurements at laiQé andx, and at highy. The jet data could help in further
constraining the gluon density. Moreover, the jet measurements allow treetioar of ag with
very good precision. The heavy flavour data can give indications ogitioa in the proton and are
a very powerful test to check the goodness of the fit formalism and itsrdlsmce on theoretical
parameters such as the heavy quark masses.

Regarding diffraction, the parton distribution functions extracted fronZteegS data turned
out to be able to describe well a variety of diffractive cross sectionsunedsit ZEUS.
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