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Abstract. A combination of the inclusive cross sections measured éythand ZEUS Collabora-
tions in neutral and charged current deep-inelastscattering at HERA is presented. The combi-
nation uses data from unpolaris&tp scattering taken during the HERA-I phase as well as measure-
ments with longitudinally polarised electron or positraains from the HERA-II running period.
The data span six orders of magnitude in negative four-mamesransfer squared?, and in
Bjorkenx. The combination method takes the correlations of sysiematertainties into account,
resulting in an improved accuracy. The inclusion of thedafiERA-II data set leads to an improved
uncertainty especially at larg@®. The combined data are the sole input to a NLO QCD analysis
which determines a new set of parton distribution functi6fSRAPDF1.5.
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1. INTRODUCTION

Deep inelastic scattering (DIS) at HERA has been centrahé¢oeixploration of pro-
ton structure and the dynamics of quark-gluon interact®escribed in perturbative
Quantum Chromodynamics (QCD). At HERA, inelastjg interactions are studied at
a centre-of-mass energy/s ~ 320GeV, wheres = 4E¢E, with the lepton beam en-
ergy Ee = 27.5 GeV and the proton beam enerfgy = 920 GeV for most of the running.
The operation of HERA proceeded in two phases, HERA I, fro82t2000, and HERA
1, from 2002-2007. In general, analyses at low and intefiated)?, Q? <150 Ge\?,
could be performed using relatively small data sets. Tloeeehigh precision analyses
were done using already HERA-I data only. The analyses &ihig?, Q% >150 Ge\#,
were in general more constrained by the statistics availdltie usage of HERA-II data,
nearly 350 pb! per experiment, improved the precision significantly irsthegime.
HERA-II also provided lepton beam polarisation; typicatye polarisation reached 30-
40%. The total (HERA-I+II) luminosity collected by the two experiments, H1 and
ZEUS, was approximately 500 ph each.

2. DISCROSS SECTIONSAND STRUCTURE FUNCTIONS

The kinematics of lepton hadron scattering is describe@ims of the variable§?,
the four-momentum transfer squared of the exchanged vieesan, Bjorkerx, the frac-
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tion of the momentum of the incoming nucleon taken by thecktquark (in the Quark
Parton model (QMP)), and the inelasticityvhich measures the energy transfer between
the lepton and hadron systems.

The neutral current deep inelas&tp scattering cross section, at tree level, is given
by a linear combination of generalised structure functiéizs unpolarised beams it can
be expressed as
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wherea is the electromagnetic coupling constant, ad= 1+ (1-y)2. The structure
functionsF, and xF3 are directly related to quark distributions, and th@# depen-
dence, or scaling violation, is predicted by perturbati@3Q For lowx, x <1072, F» is
sea quark dominated, but i@ evolution is controlled by the gluon contribution, such
that HERA data provide crucial information on loxsea-quark and gluon distributions.
At high Q?, the structure functionF3 becomes increasingly important, and gives infor-
mation on the sum of the valence quark distributiaps; u—uandd, =d-d. TheF_
contribution is significant only at higihand can be neglected at higff and highx.

The Charged Current (CC) interactions provide a separafitime flavours of the va-
lence distributions at higk, since their (LO) cross sections are given by
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whereGe is the Fermi coupling constari¥yy is the mass of the/* boson and the terms
with the quark distributions describe the composition oty in the proton probed by
the W* or W~ boson. The combined NC and CC measurements provide the aga qu
distribution functionsxU = x(u+ ¢) and xD = x(d + §), and the valence quark distri-
butions,xu, andxd,. A QCD analysis in the DGLAP formalism also allows the gluon
momentum distributionyg, in the proton to be determined from scaling violations.

3. COMBINATION OF H1 AND ZEUS CROSS SECTIONS

Prior to the combination, the H1 and ZEUS HERA-I [1] and HERAigh-Q? [2, 3,
4,5, 6] DIS data were transformed to a common gricdxo€?) points and corrected to
a common centre-of-mass energy correspondirigite 920 GeV and then averaged
For the combination of the data sets, fffeminimisation method described in [1]
was used. The? function takes into account the correlated systematic miaicies of

2 The NC data foy > 0.35 are kept separate for the part of the data where the pret@m energy was
Ep =820 GeV (until 1997).



the H1 and ZEUS cross-section measurements. For a singlselatheg? is defined as
|t — 3% vjmib; — 4|
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Herey' is the measured value at a poirandyij, i statanddi uncor are relative correlated
systematic, relative statistical and relative uncoreglatystematic uncertainties, respec-
tively. The function)(gxp depends on the predictions for the measurements (denoted
as the vectom) and the shiftdb; (denoted as the vectd of the correlated systematic
error sources. For the reduced cross-section measurepients!, i denotes ax, Q%)
point, and the summation ovgextends over all correlated systematic sources. The pre-
dictionsm' are given by the assumption that there is a single true vdlulkeocross
section corresponding to each data peiahd each process, neutral or charged current
e"p or e p scattering.

The minimisation also provides a model-independent cheickhe data con-
sistency. The input data from H1 and ZEUS are consistent wdbh other at
Y%/Ngof = 967.5/1032. Since H1 and ZEUS have employedfatient experimental
techniques, using fferent detectors and methods of kinematic reconstructi@gom-
bination leads to a significantly reduced uncertainty.
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FIGURE 1. HERA combined NG=* p reduced cross section and fixed-target [7, 8] data as a aumcti
of Q? (left plot) and NCe p reduced cross sections as a functionxoin bins of Q2 (right plot).
The HERAPDFL1.5 [9] fit is superimposed. The bands representdtal uncertainty of the fit. Dashed
lines are shown fo€? values not included in the QCD analysis.

The kinematic range of the NC data is 807 < x < 0.65 and 0045< Q? <
30000 Ge, for values ofy between @05 and 5. HERA combined N@* p reduced
cross sections as a function @ and x are shown in Figure 1. The kinematic range
of the CC data is B-1072 < x < 0.65 and 300 Q? < 30000 Ge\?. HERA combined



CC e*p reduced cross sections as a function of Bjorkdn bins of Q? are shown in
Figure 2.
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FIGURE 2. HERA combined C& p (left plot) ande" p (right plot) reduced cross sections as a function
of x in bins of Q2. The HERAPDF1.5 fit is superimposed. The bands represenbthkuncertainty of
the fit.

4. SUMMARY

Inclusive cross sections of neutral and charged cureépt scattering measured by
the H1 and ZEUS Collaborations were combined. The comlmnatomprises most
of the inclusive data from HERA. The input data from H1 and Zgpan six orders
of magnitude inQ?, and in Bjorkenx and are consistent with each othenAfngof =
967.5/1032. The total uncertainty of the combined data set reat¥igfor NC scattering
in the region best measured, 2Q? < 100 Ge\2. The inclusion of the large HERA-II
data set leads to an improved uncertainty especially & @fgThe combined data were
the sole input to a NLO QCD analysis which provided a new sgiaofon distributions
HERAPDF1.5 [9].
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