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1. Introduction

The inclusive deep-inelastic (DIS) neutral current (Mpscattering cross section at moderate
negative four-momentum transferred squa@®|,can be written in reduced form &$ [1]
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wherea denotes the fine structure constaqis the Bjorken scaling variable awyds the inelasticity
of the scattering process.

The reduced cross section is determined by two independent struchatiohs,F andF_.

In Quark Parton Model, represents the sum of the quark and anti-quark distributions weighted
by the electric charges of quarks squared, Bnis zero. In Quantum Chromodynamics (QCD) it
differs from zero due to gluon and quark—antiquark pairs emissions.

The quantities, Q% andy are connected bgxy = Q?, wheres is the centre-of-mass energy
squared of the incoming electron and proton. Measurements of the diffdreross sections at dif-
ferent values of/s at fixedx andQ? provide an experimental separation of fgeandF_ structure
functions. For this direct extraction of the structure functions data wéentat (reduced) proton
beam energies of 460 and 575 GeV at the end of the HERA-II runnihg.|8pton beam energy
was kept aE. = 27.6 GeV. These two datasefd [2] are used together with the recently published
data taken aE, = 920 GeV [3] and lowQ? data taken aE, = 460, 575 and 920 Ge\[][4] to de-
termine the structure functiorts andF_in a model independent way. These data allow also for
the measurement of the ratv= o, /or = F_/(F, — F.) of longitudinally op and transverselgy
polarised photon exchange cross section. In addition a direct locakégin of the gluon density
xg(x, Q?) is performed.
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2. Data Analysis

The measurements of the NC cross sections presented are performedanghe85< Q? <
800 GeV, usinge' p data collected in two short dedicated data taking periods in 2007 in which
the proton beam energy was reduced to 460 GeV and 575 GeV.

The measurements are performed with the positrons scattered into the aceagtdne Liquid
Argon calorimeter (LAr), which corresponds to the polar angle randbe$cattered positrdBe <
154. The scattered positron is detected by searching for a compact and dselatéromagnetic
energy deposition (cluster) in the LAr calorimeter.

As can be seen from Ed. (IL.1) the contributiorFpfto the cross section is proportional y®
and thus significant only at high The most precise kinematic reconstruction method/fer0.1
is thee-method which relies solely on the cluster enekjyand ©, to reconstruct the kinematic
variablesQ?, x andy as
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Therefore the measurement at highequires the measurement of the scattered positron with
low energy. The photoproduction background increases rapidly withedsing positron energy,
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and the analysis is separated into two distinct regions: the nominal analysis)(38), and the
highy analysis (088 < ye < 0.9).

The nominal analysis follows the procedure described]in [3]. In this regie minimum
electron energy is kinematically restricted to be above 18 GeV. The phatogiion background
is negligible, and the only sizable background contribution arises fromingmgaQED Compton
events which is estimated using simulation and is statistically subtracted. The optiresimcent
of the primary vertex determination and verification of the electron cluster witthétp of tracker
information provides the efficiency fap interaction to be identified in the analysis larger than
99.5%.

In the highy region the analysis is extended down to energies of the scattered positiawm a
as 3 GeV. Dedicated techniques are used to reduce the backgfpur@l{Ster shape variables,
and the ratio of the candidate electron cluster energy to the momentum of totaded track, are
used in a neural network multilayer perceptron to discriminate signal frarkgraund. Additional
information using the specific ionisation energy loss of the traiék/dx, is also used to form a
single electron discrimination variabl&ye, which is in use for the regiog, < 10 GeV.

The scattered positron candidate is required to have positive chargsponding to the beam
lepton. The remaining background is estimated from the number of data evéghtspposite
charge. This background is corrected to a charge asymmetry in phdtaegion, which can arise
due to the different detector response to particles compare to antiparéiokbss statistically sub-
tracted from the positively charged sample.

Several common cuts are applied for both parts of the analysis. The quantiB; summed
over all final state particles is required by energy-momentum consenatibe equal to twice
electron beam energy for NC scattering in the absence of initial state radiatiere the photon
escapes undetected in the lepton beam direction. Restrigting?, to be greater than 35 GeV
considerably reduces the photoproduction background and sgggregents with hard initial state
photon radiation. QED Compton events and mprevents are suppressed using topological algo-
rithms.

3. NC Cross Section and F_ (x, Q?)

The reduced cross sectiodigc (X, Q2) are measured in the kinematic range§@2 <800 Ge\?
and 000065< x < 0.65 at two different reduced centre-of-mass energies and areadfar the
LAr data. The data are shown in Fig. 1a together with previously publistedata [B[§]. The
data are compared to QCD predictions based on the HIPDF 20{P fit [3hwhivides a good
description of the data.

According to Eq. [(T]1) it is straightforward to determife by a linear fit as a function of
f(y) =y?/(1+ (1—y)?) to the reduced cross section measured at given valuesaindQ? but at
different centre-of-mass energies. However to properly accaumirrelations across all measure-
ments the alternative procedure is applied. The structure funchiomsdF, are simultaneously
determined from the cross section measurement usixg minimisation technique as employed
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Figure 1. (a) Reduced cross sectiofiyc(x, Q%) + 0.3i measured at three proton beam enerdgigs=
460 GeV, 575 GeV and 920 GeV displaced vertically for bettsibility as a function of at fixed values of
Q2. The curves represent the prediction from the HIPDF2012 IIGD fit. (b) Proton structure function
F_ averaged ovex at differentQ? bins. The data are compared to NNLO predictions from a seleatf
PDF sets as indicated.

in [@. The x2 function for the minimisation is

[(Fai f(Y)':L,.)AZzJ I jbj — )] n zbjz’ (3.1)
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wherey; is the measured reduced cross section at, @3 pointi with the combined statistical and
uncorrelated systematic uncertaimy= ,/A?g +Af$,$. The effect of correlated error sources
j on the cross section measurement is given by the systematic error mgtrixrhe technique
reduces to the linear fit when considering a singl@? bin and neglecting correlations between the
cross section measurements. Tffeper degree of freedom is found to be 1240.

In order to reduce the experimental uncertaintiesfheneasurements are combined at each
Q? value, and the two highe§? bins are also averaged. The resulting data is shown in[Fig. 1b
together with the ZEUS measuremefit [6]. A probability of consistency of theaktl ZEUS
measurements is 20%. The data are compared to a suite of QCD predictiohd. @ NMER-
APDFL.5 [], CT10 [B], ABM11 [p], MSTW2008[[10], JR1( JL1] aldNPDF2.2 [Tp]. The
perturbative calculations provide a reasonable description of the data.

The cross section ratiR of longitudinally to transversely polarised virtual photons are deter-
mined by minimising the(? function of Eq. [3]L) wher&_ is replaced byr_ = %;\,Fz assuming
R is constant as a function offor a given value ofQ?. The resulting value oR(Q?) in shown
in Fig. @b together with the ZEUS data. The result is compared with the predistitre HERA-
PDF1.5 NNLO for,/s= 225 GeV and/ = 0.7. The fit is repeated by assuming tlkais constant
across the entir@? range and yields a value &= 0.23+0.04 with x?/ndf = 314/367.
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Figure 2: (a) Ratio R(Q?) averaged ovek together with the prediction from the HERAPDF1.5 NNLO
QCD fit. (b) Gluon densitykg(x, Q%) averaged ovex. The shaded regions represent the prediction from the
HERAPDF1.5 NLO QCD fit. The dashed line correspondzgobtained from thd-_ prediction based on
the HERAPDF1.5 NLO QCD fit.

At order as the gluon density is related & via the approximate relatiof JILB,]14]

3
xg(x, Q%) ~ 1.77mﬁ(x, Q). (3.2)

The direct measurement &f is used to demonstrate its sensitivity to the gluon density obtained
from a NLO QCD fit to DIS data. In Fid] 2b the gluon density extracted atingrto the rela-
tion [B.2) is compared to the prediction from the gluon density determined in tf@ NERA-
PDF1.5 QCD fit [[7]. To judge on the goodness of the approximation the gleonsity as ob-
tained by applying the same relation to theprediction based on NLO HERAPDF1.5 QCD fit is
also shown. A reasonable agreement between the gluon density asezkfram the direct mea-
surement of_ based on the approximate relation with the gluon derived indirectly from ggalin
violations is observed.

4. Summary

The neutral current inclusive DIS cross sectiondpiinteractions are measured at two centre-

of-mass energies gf's= 225 and 252 GeV. The measurements are performed up to the highest ac-
cessible inelasticity = 0.85 where the contribution of tHg structure function to the reduced cross
section is sizable. The. andF, structure functions are simultaneously extracted in a model in-
dependent way using the data together with previously published measusesihg's = 319 GeV.
The ratioR of the longitudinally to transversely polarised virtual photon cross sectioressured
and consistent with being constant over the kinematical range of the datas aetermined to
be equal to 23+ 0.04. A gluon density is extracted based on NLO approximation fronFthe
measurement. Good agreement is observed between the measuremetisuabdtive QCD cal-
culations at NNLO.
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