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1. Introduction

Deep inelastic scattering (DIS) of electréren protons at centre-of-mass energies of up to
/S~ 320GeV at HERA has been central to the exploration of proton struchdejaark—gluon
dynamics as described by perturbative Quantum Chromo Dynamics (p{@iLOhis enabled the
two collaborations, H1 and ZEUS, to explore a large phase space in Bjgrkg;, and negative
four-momentum-transfer square@?. Cross sections for neutral current (NC) interactions have
been published for.045< Q? < 50000 Ge\ and 6 10 7 < xgj < 0.65 at values of the inelastic-
ity, y = Q?/(sxgj), between 05 and 5. Cross sections for charged current (CC) interactions
have been published for 260 Q? < 50000 Ge and 13- 10 2 < xgj < 0.40 at values of/ be-
tween 0037 and 076. The H1 and ZEUS collaborations collected total integrated luminosities of
approximately 500 pb* each, divided about equally betweehp ande™ p scattering. The results
presented here are the final combination of all published H1 and ZEUSuneeasnts from HERA
oninclusive DIS in NC and CC reactiorf$ [2]. This includes data taken wittoptbeam energies of
Ep =920, 820, 575 and 460 GeV corresponding,te~ 320, 300, 251 and 225 GeV. They super-
sede the previous HERA | combined measureniént [3]. The combinedsecisns were input to
QCD analyses at leading order (LO), next-to-leading order (NLO)atmkxt-to-next-to-leading
order (NNLO), providing a new set of parton distribution functions HER%2.0. The QCD fits
are not discussed here, please see other contributions and the fitieapian [2] for details.

2. Combination of the inclusive cross sections

In order to combine the published cross sections from the final data seysyére translated
onto common grids and averaged.

The data were taken with sevefd) values and the double-differential cross sections were
published by the two experiments for different refereRc@and (xgj, Q%) grids. In order to av-
erage a set of data points, the points had to be translated to coryisigp values and common
(xBLgrid,Qérid) grids. Four values of/s.,,, were used: 318 GeV, 300 GeV 251 GeV and 225
GeV. Up to 10 data sets were available for a given process. The vagtityajagrid points accu-
mulated data from both H1 and ZEUS measurements; the typical case is sixremeasts from
six different data sets.

For the translation of the cross-section values, predictions for the rdtilos double-differential
cross section at théxgj, Q%) and /s where the measurements took place, and(tdgggrid,Qérid)
to which they were translated, were needed. These predictions weirazbteom the data them-
selves by performing fits to the data using the HERAFitfg{]4, 5] tool. @or 3 Ge\?, a NLO
QCD fit using the DGLAP formalism was performed. FQf < 3Ge\?, the fit to the fractal
model [6,[J] was used.

2.1 Averaging cross sections

The original double-differential cross-section measurements weréspat with their statis-
tical and systematic uncertainties. The systematic uncertainties were classifether point-
to-point correlated or point-to-point uncorrelated. For each data Betpeorrelated systematic

1In this paper, the word “electron” refers to both electrons and positrorisss otherwise stated.
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uncertainties were added in quadrature before averaging. Corrslgtgmatic uncertainties were
kept separately.

The averaging of the data points was performed using the HERAverBhéndl which is
based on g? minimisation method[[6]. This method imposes that there is one and only one
correct value for the cross section of each process at each pdim ghase space. These values
are estimated by optimising a vectat, which is the result of the averaging for the cross sections.
The x? definition used takes into account the correlated and uncorrelated syistemzertainties
of the H1 and ZEUS cross-section measurements and allows for shifts @diidnéo accommodate
the correlated uncertainties. For a single datadsthe x? is defined as

ds

. Coe S92
, mb) Z % Z [m‘ =2 VjvdSrn'bj — ul,ds} Z o o
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where "% is the measured value at the poinand Vj’ds, & dsstat and & gsuncor are the relative
correlated systematic, relative statistical and relative uncorrelated sygtemeertainties, respec-
tively. For the reduced cross-section measuremauit®s = o', i runs over all points on the
(XBj,grid, Qérid) plane for which a measurement existglsm The components; of the vectoib rep-
resent correlated shifts of the cross sections in units of sigma of thectegpeorrelated systematic
uncertainties; the summations oieextend over all correlated systematic uncertainties.

All the NC and CC cross-section data from H1 and ZEUS are combined isionétaneous
minimisation. Therefore, the resulting shifts of the correlated systematic tantérs propagate
coherently to both NC and CC data. The 2927 published cross sectiorcamigned to become
1307 combined cross-section measurements. For the resulting 162@slefifeeedom, &2 =
1687 was obtained, indicating good consistency of all data. More detaitseeaiata combination
can be found in the final publicatiof] [2].

3. Combined inclusivee® p cross sections

The combined reduced cross sections for NC andep@cattering together with their sta-
tistical, uncorrelated and total correlated systematic uncertainties are tabulates final publi-
cation [2]. The new values supersede those published previdlislyf&].total uncertainties are
below 1.5 % over th€? range of 3< Q2 < 500 Ge\? and below 3 % up t6)? = 3000 Ge\,.

In Fig.[3, the individual and the combined reduced cross sections fog™DIS scattering
are shown as a function & for selected values ofg;. The improvement due to combination
is clearly visible. The improvement in comparison to the previous HERA | contibimdd] is
especially significant at higfp?. As the integrated luminosity fa p scattering was very limited
for the HERA period, the improvements due to the new combination are evea snbstantial
than fore™p scattering. This is clearly visible in Fi§] 2, where a comparison between the ne
combination and the combination of HERA | data &éorp DIS is shown.

The high-precision NC and CC DIS cross sections for varigisg,,, presented here form a
coherent set spanning six orders of magnitud@%randej. As an example the NC cross sections
with lowestQ? and the CC cross sections with high@stare shown in Figurd$ 3 afH 4, respectively,
compared to NNLO HERAPDF2.0. These measurements are a major lega&R#.H



HERA combined DIS Katarzyna Helena Wichmann

Lo H1 and ZEUS H1 and ZEUS
o v o
Bi 16l ;5 '_—lilR:(;\‘ECVgp o5t ‘;‘ 12f ® HERANC ep 0.4 15"
. ¥g; =0.002 o ;EUS HERA Il Vs =318 GeV
L4} ¥ =00002) T4 gh O ZEUS HERAI W 4 * % <0008 B HERAI
%% o H1HERAI F ﬁ+§ J
12} % MT A H1HERAI
8l Xg = 0032
1b & % j “Qe% Xg; = 0.008 ’ + + }
" ?& j&k ol a FQ“F;; !
08 5 Kl 5{?» - wif f + * * 5 X=008
»
0.6—{% ?. v;‘%.ﬁ?.im@‘%ﬁi&% § x5 =0032 el sor *Tp ’ .HF J&
ixé:mm 5 » A * - Xg =0.25

04t @ 4 M %E#r g =0.08 E&***fﬁt** JP t # ‘F

02l Eﬂ}?w&# f b ? 02}

} Xg; = 0.25
° 1 1‘0 1‘02 1‘03 1‘0" 1‘05 ° 1‘03 1‘04
Q%IGeV QUGeV

Figure 1. The combined HERA data for the incluFigure 2: The combined HERA data for the inclu-
sive NCe" p reduced cross sections as a function sive NCe ™ p reduced cross section as a function of
Q? for six selected values of; compared to the in- Q? for four selected values ofj compared to the re-
dividual H1 and ZEUS data. The individual measurstlts from HERA | alone[J3]. The two measurements
ments are displaced horizontally for better visibilityare displaced horizontally for better visibility. Error

Error bars represent the total uncertainties. bars represent the total uncertainties.
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Figure 3: The combined HERA data for the incluFigure 4: The combined HERA C@&™ p reduced
sive NCe' p reduced cross sectionsgb= 300 GeV Cross sections af/s = 318 GeV with overlaid pre-

at very lowQ?. Error bars represent the total uncefictions from HERAPDF2.0 NNLO. The bands rep-
tainties. resent the total uncertainties on the predictions.

4. Electroweak effects and scaling violations

The precise data and the predictions from HERAPDF2.0 were used to exdmih elec-
troweak effects and QCD effects.
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4.1 Electroweak unification and the structure functioan3yz
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107 ———+ 1‘03 E— 1‘04 PDF2.0 NLO. Whereas the NC cross

Q?/ GeV? sections are three orders of magnitude

larger at low Q° ~ 100 Ge\?, where
Figure 5: The combined HERA NC and C& p and they are dominated by virtual photon

et p cross sections,a/dQ?, together with predictions from exchange, the NC and CC cross sec-

HERAPDF2.0 NLO. The bands represent the total uncer-. T .
) s tions become similar in magnitude at
tainty on the predictions.

Q? ~ 10000GeV, i.e. at around the
mass-scale squared of the electroweak
bosons, demonstrating the success of electroweak unification in the Btdddel with impres-
sive precision.
The data also clearly demonstrate
that the NCe p and NC e p cross
H1 and ZEUS _
Nl T T sections are the same when photon ex-
@ = 1000 Ge¥ * HERA1? 1 change is dominant but they start to dif-
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03 + } i j structure functioF)” can be extracted
i by subtracting the NG="p from the
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function of xg;j in bins of Q2. This di-
rectly probes the valence structure of
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butions and hencel(F3VZ depend only
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Figure 6: The structure functi0|>1F3VZ averaged ove@? > minimallv on the scale. i.e. onlv small
1000GeV at the scald)? = 1000 Ge\f together with the y » 1€ only

prediction from HERAPDF2.0 NLO. The band represents corrections 3Zre needed to translate all
the total uncertainty on the prediction. values ofxF;™ to a common scale of

1000Ge\?. This was done using HER-
APDF2.0 NLO. The translation factors
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were close to unity for most points. The translalé’@'z values were averaged using the method
described in Sectiof] 2. A full covariance matrix was built using the informaiiothe individual
sources of uncertainty. The averaging of Idﬁgyz values has g2/d.o.f. = 58.8/57 demonstrating
the consistency of the data for different value€3f The result is presented in F[g. 6 together with
the prediction of HERAPDF2.0 NLO. The data are well described by HEHRAR0 NLO.

4.2 Helicity effects in CC interactions

Figure[J presents the reduced cross sectighg. and o, ¢ for CC inclusivee”p ande™p
scattering, respectively, compared to HERAPDF2.0 NNLO. In the QuartoR Model the CC
cross sections are related to the quark densities in the proton as follows

r

Olec™ U+ (1-y)XD), O (U +(1-y)*XD), (4.1)

where the termsU, xD, XU andxD denote the sums of parton distributions for up-type and down-
type quarks and anti-quarks, respectively. Tl cross sections are affected strongly by the
helicity factor (1 —y)?. Therefore, the contribution of the valence quarks is suppressegdrayh
which translates to higkp? for fixed xgj. Thee™ p cross section is almost unaffected, because the
helicity factor applies to the anti-quarks which as part of the sea are glse@pressed at higly;.
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Figure 7: The combined HERA data for incluFigure 8: The combined HERA data for the inclu-

sive CC e'p and e p reduced cross sectionsive NCe'pande™ preduced cross sections together

at /s = 318GeV with overlaid predictions ofvith fixed-target data[[ﬂO] and the predictions of

HERAPDF2.0 NLO. The bands represent the tot#ERAPDF2.0 NNLO. The bands represent the to-

uncertainties on the predictions. tal uncertainties on the predictions. Dashed lines
indicate extrapolation into kinematic regions not in-
cluded in the fit.

4.3 Scaling violations

Scaling violations, i.e. the dependence of the structure functioF @ fixedxg;j, are related
to the gluon content of the proton. A large kinematic range is required to denate these viola-
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tions clearly. Figur¢]8 show the inclusive N&Cp ande™ p HERA data together with fixed-target
data [9[1P] and the predictions of HERAPDF2.0 NNLO. The data predespizn more than four
orders of magnitude, both i®? andxgj. The scaling violations are clearly visible over this large
kinematic range. They are well described by HERAPDF2.0, both at NLAON&LO.

5. Summary

The H1 and ZEUS collaborations measured inclusivp scattering cross sections at HERA
from 1994 to 2007, collecting a total integrated luminosity of about 1 fbirhe data were taken
in two different beam configurations, called HERA | and HERA II, atrfdifferent centre-of-mass
energies and with two different detectors changing and improving over tiflenclusive data
were combined to create one consistent set of NC and CC cross-sectsune@ents for unpo-
larisede™ p scattering, spanning six orders of magnitude in both negative four-mometmnamsfer
squared@?, and Bjorkenx. The data from many measurements made independently by the two
collaborations proved to be consistent withy&a per degree of freedom being 1.04 for the com-
bination. The combined cross sections are the most precise measurenanalgished for
ep scattering over such a large kinematic range. They are provided foevaifQ? between
Q? = 0.045 GeV¥ andQ? = 50000 GeV and values okg; betweernxg; = 6 x 10~ andxgj = 0.65.
The precision of the data were exploited to demonstrate electroweak un'rﬁi(;atm'i)extrac:ls<F3VZ
aboveQ? = 1000 Ge\f. Scaling violation is demonstrated over four orders of magnitudg?in
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