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1. Introduction

The inclusive deep-inelastic (DIS) neutral current (NC)ep scattering cross section at moderate
negative four-momentum transferred squared,Q2, can be written in reduced form as [1]

σ̃NC(x,Q2,y) =
d2σNC

dxdQ2

xQ4

2πα2

1
1+(1− y)2 = F2(x,Q

2)−
y2

1+(1− y)2FL(x,Q2), (1.1)

whereα denotes the fine structure constant,x is the Bjorken scaling variable andy is the inelasticity
of the scattering process.

The reduced cross section is determined by two independent structure functions,F2 andFL .
In Quark Parton ModelF2 represents the sum of the quark and anti-quark distributions weighted
by the electric charges of quarks squared, andFL is zero. In Quantum Chromodynamics (QCD) it
differs from zero due to gluon and quark–antiquark pairs emissions.

The quantitiesx, Q2 andy are connected bysxy = Q2, wheres is the centre-of-mass energy
squared of the incoming electron and proton. Measurements of the differential cross sections at dif-
ferent values of

√
s at fixedx andQ2 provide an experimental separation of theF2 andFL structure

functions. For this direct extraction of the structure functions data were taken at (reduced) proton
beam energies of 460 and 575 GeV at the end of the HERA-II running. The lepton beam energy
was kept atEe = 27.6 GeV. These two datasets [2] are used together with the recently published
data taken atEp = 920 GeV [3] and lowQ2 data taken atEp = 460, 575 and 920 GeV [4] to de-
termine the structure functionsF2 andFL in a model independent way. These data allow also for
the measurement of the ratioR = σL/σT = FL/(F2−FL) of longitudinallyσL and transverselyσT

polarised photon exchange cross section. In addition a direct local extraction of the gluon density
xg(x,Q2) is performed.

2. Data Analysis

The measurements of the NC cross sections presented are performed in therange 35≤ Q2 ≤
800 GeV2, 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 acceptance of the Liquid
Argon calorimeter (LAr), which corresponds to the polar angle range ofthe scattered positronΘe .

154◦. The scattered positron is detected by searching for a compact and isolated electromagnetic
energy deposition (cluster) in the LAr calorimeter.

As can be seen from Eq. (1.1) the contribution ofFL to the cross section is proportional toy2

and thus significant only at highy. The most precise kinematic reconstruction method fory & 0.1
is thee–method which relies solely on the cluster energyE ′

e andΘe to reconstruct the kinematic
variablesQ2,x andy as

Q2
e =

(E ′
e sinΘe)

2

1− ye
,ye = 1−

E ′
e

Ee
sin2

(

Θe

2

)

,xe =
Q2

e

sye
(2.1)

Therefore the measurement at highy requires the measurement of the scattered positron with
low energy. The photoproduction background increases rapidly with decreasing positron energy,
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and the analysis is separated into two distinct regions: the nominal analysis (ye ≤ 0.38), and the
high y analysis (0.38≤ ye ≤ 0.9).

The nominal analysis follows the procedure described in [3]. In this region the minimum
electron energy is kinematically restricted to be above 18 GeV. The photoproduction background
is negligible, and the only sizable background contribution arises from remaining QED Compton
events which is estimated using simulation and is statistically subtracted. The optimisedtreatment
of the primary vertex determination and verification of the electron cluster with the help of tracker
information provides the efficiency forep 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 positron as low
as 3 GeV. Dedicated techniques are used to reduce the background [5]. Cluster shape variables,
and the ratio of the candidate electron cluster energy to the momentum of the associated track, are
used in a neural network multilayer perceptron to discriminate signal from background. Additional
information using the specific ionisation energy loss of the track,dE/dx, is also used to form a
single electron discrimination variableDele, which is in use for the regionE ′

e < 10 GeV.

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

Several common cuts are applied for both parts of the analysis. The quantityE −Pz summed
over all final state particles is required by energy-momentum conservationto be equal to twice
electron beam energy for NC scattering in the absence of initial state radiation where the photon
escapes undetected in the lepton beam direction. RestrictingE −Pz to be greater than 35 GeV
considerably reduces the photoproduction background and suppresses events with hard initial state
photon radiation. QED Compton events and non-ep events are suppressed using topological algo-
rithms.

3. NC Cross Section and FL(x,Q2)

The reduced cross sectionsσ̃NC(x,Q2) are measured in the kinematic range 35≤Q2≤800 GeV2

and 0.00065≤ x ≤ 0.65 at two different reduced centre-of-mass energies and are referred to the
LAr data. The data are shown in Fig. 1a together with previously published H1 data [3, 4]. The
data are compared to QCD predictions based on the H1PDF 2012 fit [3] which provides a good
description of the data.

According to Eq. (1.1) it is straightforward to determineFL by a linear fit as a function of
f (y) = y2/(1+(1− y)2) to the reduced cross section measured at given values ofx andQ2 but at
different centre-of-mass energies. However to properly account for correlations across all measure-
ments the alternative procedure is applied. The structure functionsFL andF2 are simultaneously
determined from the cross section measurement using aχ2 minimisation technique as employed
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Figure 1: (a) Reduced cross sectioñσNC(x,Q2) + 0.3i measured at three proton beam energiesEp =

460 GeV, 575 GeV and 920 GeV displaced vertically for better visibility as a function ofx at fixed values of
Q2. The curves represent the prediction from the H1PDF2012 NLOQCD fit. (b) Proton structure function
FL averaged overx at differentQ2 bins. The data are compared to NNLO predictions from a selection of
PDF sets as indicated.

in [4]. The χ2 function for the minimisation is

χ2(FL,i,F2,i,b j) = ∑
i

[

(F2,i − f (y)FL,i)−∑ j Γi, jb j −µi)
]2

∆2
i

+∑
j

b2
j , (3.1)

whereµi is the measured reduced cross section at anx,Q2 point i with the combined statistical and

uncorrelated systematic uncertainty∆i =
√

∆2
i,stat +∆2

i,syst . The effect of correlated error sources
j on the cross section measurement is given by the systematic error matrixΓi, j. The technique
reduces to the linear fit when considering a singlex,Q2 bin and neglecting correlations between the
cross section measurements. Theχ2 per degree of freedom is found to be 184/210.

In order to reduce the experimental uncertainties theFL measurements are combined at each
Q2 value, and the two highestQ2 bins are also averaged. The resulting data is shown in Fig. 1b
together with the ZEUS measurement [6]. A probability of consistency of the H1 and ZEUS
measurements is 20%. The data are compared to a suite of QCD predictions at NNLO: HER-
APDF1.5 [7], CT10 [8], ABM11 [9], MSTW2008 [10], JR10 [11] andNNPDF2.2 [12]. The
perturbative calculations provide a reasonable description of the data.

The cross section ratioR of longitudinally to transversely polarised virtual photons are deter-
mined by minimising theχ2 function of Eq. (3.1) whereFL is replaced byFL = R

1+RF2 assuming
R is constant as a function ofx for a given value ofQ2. The resulting value ofR(Q2) in shown
in Fig. 2b together with the ZEUS data. The result is compared with the predictionof the HERA-
PDF1.5 NNLO for

√
s = 225 GeV andy = 0.7. The fit is repeated by assuming thatR is constant

across the entireQ2 range and yields a value ofR = 0.23±0.04 with χ2/nd f = 314/367.
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Figure 2: (a) Ratio R(Q2) averaged overx together with the prediction from the HERAPDF1.5 NNLO
QCD fit. (b) Gluon densityxg(x,Q2) averaged overx. The shaded regions represent the prediction from the
HERAPDF1.5 NLO QCD fit. The dashed line corresponds toxg obtained from theFL prediction based on
the HERAPDF1.5 NLO QCD fit.

At orderαs the gluon density is related toFL via the approximate relation [13, 14]

xg(x,Q2) ≈ 1.77
3π

2αs(Q2)
FL(x,Q2). (3.2)

The direct measurement ofFL is used to demonstrate its sensitivity to the gluon density obtained
from a NLO QCD fit to DIS data. In Fig. 2b the gluon density extracted according to the rela-
tion (3.2) is compared to the prediction from the gluon density determined in the NLO HERA-
PDF1.5 QCD fit [7]. To judge on the goodness of the approximation the gluondensity as ob-
tained by applying the same relation to theFL prediction based on NLO HERAPDF1.5 QCD fit is
also shown. A reasonable agreement between the gluon density as extracted from the direct mea-
surement ofFL based on the approximate relation with the gluon derived indirectly from scaling
violations is observed.

4. Summary

The neutral current inclusive DIS cross section forep interactions are measured at two centre-
of-mass energies of

√
s = 225 and 252 GeV. The measurements are performed up to the highest ac-

cessible inelasticityy = 0.85 where the contribution of theFL structure function to the reduced cross
section is sizable. TheFL andF2 structure functions are simultaneously extracted in a model in-
dependent way using the data together with previously published measurements at

√
s = 319 GeV.

The ratioR of the longitudinally to transversely polarised virtual photon cross section ismeasured
and consistent with being constant over the kinematical range of the data, and is determined to
be equal to 0.23±0.04. A gluon density is extracted based on NLO approximation from theFL

measurement. Good agreement is observed between the measurements and perturbative QCD cal-
culations at NNLO.
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