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1. Introduction

Measurements of deep inelastic scattering (DIS) of electrongprotons at HERA provide
an important input for determination of proton structure and quark-glymamics as described
by perturbative Quantum Chromodynamics (pQCD). For most of the daitegtpkriods HERA
collider operated with centre-of-mass energy of up/®= 319 GeV. This enabled the two col-
laborations, H1 and ZEUS, to explore a large phase space in Bjotkey), and negative four-
momentum-transfer square@?. The kinematic range of measured neutral current (NC) cross
sections was 045 < Q? < 50000 GeV and 6 10 7 < xgj < 0.65, at values of the inelasticity,

y = Q?/(sx), of 0.005< y < 0.95. Cross sections for charged current (CC) interactions were mea-
sured for 200< Q2 < 50000 Ge and 13- 102 < xgj < 0.40, at values of the inelasticity of
0.037<y<0.76.

HERA collider was operated in two phases: HERA |, during 1992-2000 HERA |1, during
2002-2007. All data used in combination were taken at electron beamyenfe27.5 GeV and four
different proton beam energiesBf ~ 920, 820, 575 and 460 GeV resulting in center-of-mass en-
ergies of,/s= 318 300 251 and 225 GeV. During the HERA | period, each experiment collected
about 100 pb! of etp and 15 pb* of e p data. These data were the basis of a combination pub-
lished previously [1]. During the HERA Il period, each experiment adaleout 150 pb' of etp
and 235 pb! of e p data. As a result, both experiments, H1 and ZEUS, collected approximately
0.5 fb~! of luminosity, divided almost equally betweerfipand e p scattering. The combina-
tion presented now [2] includes all published H1 [3—10] and ZEUS [4]lAZasurements from
HERA | and HERA Il on inclusive DIS in NC and CC reactions.

2. Combination of the Measurements

The data were taken with several centre-of-mass eney@esd the double-differential cross
sections were published by the H1 and ZEUS collaborations for diffeeéertence Q?,xg;) grids.
In order to average a set of data points, at first they had to be transtagedommon,/s.,,
and(Qérid,xBjﬁgrid) grid. Three common centre-of-mass valugS,,m;, With \/S;om; = 318 GeV
(Ep =920 GeV andep = 820 GeV),\/Syomp = 252 GeV Ep =575 GeV), and /Sy 3 = 225 GeV
(Ep = 460 GeV) were chosen for data combination. A parEpf= 820 GeV data witty > 0.35
was kept at,/s = 301 GeV. Two commorleSrid,xBLgrid) grids were used, one fqrfscoml and
another one foK/S.o, and/S,,y,3. The grids are depicted in Fif. 1 (left). They have a different
structure iny such that the corrections due to translation were minimised. The translatien sca
factors, SF, were calculated as ratios of the predicted double diffdrerttss sections in the actual
VS,(Q% %sj) and the common,/S;qmi.(Qgig: Xejgria) grids. The predictions were obtained by
performing the fits to the data with HERAFitter tool [25]. FQF > 3 Ge\?, a QCD fit within
the DGLAP formalism was performed, and @f < 4.9 Ge\? a fit using the fractal model [3, 27]
was obtained. For overlaping region 3 Ge¥ Q° < 4.9 Ge\?, the linear average of the scale
factors was used.

Next data points were averaged within common grid points. For this, the H&R&gr [26]
tool was used. It uses @-minimisation method, based on the assumption that there is only one

1Here and afterwards "electron"” refers to both electrons and positroless otherwise stated.
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Figure 1: The points of two grids (left) used for the combination: gtidopen circles) was used for data
with proton beam energies of 920 and 820 GeV, grid 2 (dots)usasl for data with proton beam energies
of 575 and 460 GeV, and the distribution of putiright) for NC and CC &p data samples: there are no
entries outside the histogram ranges and RMS gives the reahsquare of each distribution.

correct value for the cross section for each process at each fgdhe phase space, described in
detail in [3]. The useg(? function takes into account the correlated and uncorrelated systematic
uncertainties and allows for shifts of the data to accommodate the correlatedainties. For a
single data setjs the)(2 function is defined as

[mi—zjy}mibj—lli]z 2
o) — _ b? 2.1
XexpdS (m, % % Istatu m' 2 ijlb )+ (d-,unco”ml)z +§ g 2

wherem is the vector of averaged, or "true" values of cross sectiomepresents the shifts with
respect to the correlated systematic uncertainjiéss the measured value at a pointandyj-,
d stat and G uncorr are the relative correlated systematic, relative statistical and relativeratated

systematic uncertainties, respectively. For measured pdxl,m:sntrlbutlng to averaged poinof
K 2Ve(1— 7§ XD ave)

N
the statistical and uncorrelated systematic uncertainties added in a quadoatire pointk and
the average, respectively. The distribution of pulls shows no tensioradl forocesses, as can be
seen in Fig[]1 (right).

Finally, procedural uncertainties were evaluated. They are introdogede choices made
for the combination and take into account the possible influence of differetuations of rela-
tive systematic uncertainties, possible correlations between the H1 and &ld&tions of the
photoproduction background and hadronic energy scales and treathtenge pulls of systematic
uncertainties. The typical values of procedural uncertainties are kkléy reaching the few-
percents level for low@?, high-Q? and reduced proton beam energy data.

(QZi4-%gria) grid, pulls p* were defined ag'* =

, Wherel; x andAj aye are
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3. Results

In total, 2927 data points corresponding to an integrated luminosity of abéutlwere
combined into one coherent data set of 1307 cross-section valuesoitiienation showed a good
consistency of separate data sets wifingor = 1685/1620. In Fig.[R (left), the individual and
the combined reduced cross sections for N@ ®IS scattering are shown as a function@f
for selectedkg; values, and in Fid] 2 (right) the inclusive NCgand € p combined HERA data
together with fixed-target data are compared to HERAPDF2.0 NLO. TheioceahiCC e p cross
sections as a function &; for 10 different values of? are shown in Fid]3 (left), and Fifj. 3 (right)
present the cross sections for CC inclusivpend € p scattering together with HERAPDF2.0
NLO predictions. The results of the combination of the data with lower protambenergies are
shown in Fig[#. The improvement due to combination is clearly visible on all plots.
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Figure 2: The combined HERA inclusive NC @ reduced cross sections as a functiorQ8ffor six se-
lectedxg; bins compared to the individual H1 and ZEUS data (left) amilisive NC e p and € p reduced
cross sections together with fixed-target data and the gifeds of HERAPDF2.0 NLO (right). Errors bars
represent the total uncertainties of the data and bandesepirthe total uncertainties on the predictions.

4. Summary

Final measurements of inclusive deep inelastic scattering by the H1 and Z&lldBorations
have been combined for neutral and charged current unpolarigectess sections. The data from
many measurements made independently by the two experiments proved tosisecdrwith
X?/Ngot = 1685/1620. The combined HERA inclusive DIS cross sections corresponl itttex
grated luminosity of about 1 fit and form a coherent data set spanning six orders of magnitude,
both inQ? andxgj. All correlations of systematic uncertainties were taken into account, regultin
in their significant reduction. Presented combined cross sections are thpremse measurement
ever published for &p scattering over such a large kinematic range. They are a major legacy of
HERA.
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Figure 3: The combined HERA inclusive CC @ reduced cross sections as a functiorggffor 10 different
values ofQ? compared to the individual H1 and ZEUS data (left) and ineki€C e p and € p reduced
cross sections together with the predictions of HERAPDRALO (right). Errors bars represent the total
uncertainties of the data and bands represent the totattaimtées on the predictions.
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Figure 4: The combined HERA data for the inclusive NCrereduced cross sectiontg = 575 GeV (left)
and atEp, = 460 GeV (right) as a function og; for five different values 06? compared to the individual H1
and ZEUS data which were the input to the averaging procedineindividual measurements are displaced
horizontally for better visibility. Errors bars represémé total uncertainties.
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