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Measurement of the Inclusive DIS Cross Section at Low Q2

and High x using Events with Initial State Radiation

H1 Collaboration

Abstract

The inclusive DIS cross section is measured at low Q2 and relatively large x using
events with initial state photon radiation from the incoming electron. In this analysis the
radiated photon is not explicitly detected. Instead its energy is inferred from a longitudi-
nal momentum imbalance, such that the energy of the interacting electron and the event
kinematics can be reconstructed. The neutral current cross section is thus measured for
0.35 ≤ Q2 ≤ 0.85 GeV2 and 10−4 <

∼ x <
∼ 5 · 10−3.



1 Introduction

The region of momentum transfer squared Q2 around 1 GeV2 deserves particular attention be-
cause it corresponds to the transition between the non-perturbative and the perturbative domains
in deep-inelastic scattering (DIS). Thus at HERA a special electron-proton scattering run was
performed in which the interaction vertex was shifted by about 70 cm in the proton beam di-
rection which allows larger electron scattering angles1 θe and thus lower values of Q2 to be
accessed.

The data presented here were taken in August 2000 and correspond to a luminosity of
0.6 pb−1 . The results represent an extension to our previous measurements [1] of inclusive
DIS cross sections at Q2 <

∼ 1 GeV2 based on the same data. In this analysis, an extension to
larger x values at low Q2 is achieved by making use of events with initial state photon radiation
(ISR) from the incoming electron. The photon radiation results in a reduced incoming electron
energy, such that the ep centre of mass energy is reduced and larger values of x are accessed at
fixed Q2 than is the case for non-radiative events. The kinematic plane and its extension with
the new analysis is illustrated in Figure 1.

The inclusive measurements determine the cross section which at low Q2, in the one-photon
exchange approximation, can be written in reduced form as

Q4x

2πα2Y+

·
d2σ

dxdQ2
= σr = F2(x, Q2) −

y2

Y+

· FL(x, Q2). (1)

Here y is the inelasticity which is related to x and Q2 as y = Q2/sx. The beam energies
determine the centre of mass energy squared, s = 4EeEp, and Y+ is defined as 1 + (1− y)2. In
the region of inelasticity below y = 0.6 the contribution of the longitudinal structure function
FL(x, Q2) is small due to the kinematic factor y2/Y+ and since FL ≤ F2. Thus the measurement
of σr at lower y directly determines F2 with a small correction for FL.

2 Experimental Methods

2.1 Kinematic Reconstruction

In contrast to earlier ISR analyses [2], this analysis does not require the observation of the
radiated photon. Instead, its presence is inferred from energy and longitudinal momentum
conservation. Assuming that the photon is radiated collinear with the electron beam, the energy
Eγ of the radiated photon is then given by 2Eγ = 2E0

e − (E − pz)e′ − (E − pz)h, where
E0

e = 27.6 GeV is the electron beam energy, (E − pz)e′ is the measured difference between
the energy and the longitudinal momentum of the scattered electron and (E − pz)h is the same
quantity for the full hadronic final state. The reduced incoming electron beam energy Ee is
then given by Ee = E0

e − Eγ . The reconstruction of y and Q2 proceeds using the ‘Σ method’,

1Note that the polar angles θ are defined with respect to the proton beam direction.
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which relies on Σ = (E − pz)h. The reconstruction of x is then performed in a manner that is
independent of the electron beam energy E0

e . The kinematics are resonstructed using

yΣ =
Σ

Σ + Ee′(1 − cos θe)
Q2

Σ =
E2

e′ sin
2 θe

1 − yΣ
xR =

Q2
Σ

2ΣEp

where θe is the electron scattering angle.

The scattered electron energy E ′

e is measured in the backward electromagnetic lead scintil-
lating fibre calorimeter SPACAL [3]. The polar angle θe is measured in the Backward Silicon
Tracker (BST) [4, 5, 6]. The hadronic final state is reconstructed in the Liquid Argon calorime-
ter (LAr) and the SPACAL [7].

2.2 Triggers and Event Selection

The data are triggered using the local energy sums in the SPACAL calorimeter with an energy
threshold set to 6 GeV. Low energy deposits can also be caused by hadrons and photons from
events at very low Q2 � 1 GeV2 which mimic an electron signal in the SPACAL. Part of
these photoproduction background events is recognised by tagging a scattered electron at very
small angles in the electron tagger calorimeter upstream the electron beam.

The efficiency of all trigger elements exceeds 98% and is controlled by independent tracking
triggers to an accuracy of 0.5%. From a monitor event sample, defined by a vertex accurately
reconstructed in the central tracker and by a high energy SPACAL cluster, the BST efficiency is
determined and the Monte-Carlo simulation correspondingly adjusted. The hit efficiency of the
BST is 97% on average, excluding a few malfunctioning sensor modules.

DIS events are required to have a vertex reconstructed from a track measured in the BST
and its intersection with the beam axis. The track has to be associated to the highest energetic
cluster in the SPACAL, where the cluster is required to extend by less than two Molière radii in
the transverse plane. Any energy behind the electromagnetic cluster measured in the hadronic
SPACAL may not exceed a small fraction of E ′. The criteria of the DIS event selection are
summarised in Table 1. The selection is identical to the selection from the standard analysis

z vertex position |z − 70| < 45cm
SPACAL cluster radius < 4cm
SPACAL-BST matching δr < 2cm
electromagnetic SPACAL energy > 7 GeV
hadronic SPACAL energy < 15% of E ′

e

Table 1: Basic criteria to select DIS events.

[1], with the exception of the E − pz cut, which in the previous analysis was used in order to
remove radiative events.

A high statistics simulation of DIS events is performed using the program DJANGO [8] with
a parameterisation of the parton distributions (MRST 3,75) [9] extended to very low Q2. For the
extraction of the cross section and comparisons of experimental with simulated spectra, a recent
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fit to previous low Q2 data [10, 11] was used for reweighting which is based on the fractal proton
structure concept. This fit [12] describes the data in the non-perturbative region and the data
in the deep-inelastic domain very well. Photoproduction events are simulated with the program
PHOJET [13]. The simulated events are subject to the same reconstruction and analysis chain
as the real data. In the comparisons of experimental distributions with the Monte-Carlo spectra,
these are normalised to the measured luminosity.

The luminosity as determined from the cross section of the elastic bremsstrahlung process
is measured with a precision of 1.8%.

Other analysis details like alignment and calibration of the detector can be found elsewhere
[1].

2.3 Control Plots

Control distributions corresponding to the measured ISR-dominated phase space are shown in
figure 2. There is good agreement between the observed uncorrected data distributions and
the expectation based on a DJANGO simulation of inclusive DIS together with a PHOJET
simulation of the photoproduction background.

2.4 Systematic Uncertainties

The total systematic error of the cross section measurement with ISR events is about 10%. The
main uncertainties and treir contributions to the cross section error are:

• correlated systematic errors:

– electron energy uncertainty – up to 2% for low energy electrons,

– error of electron angle measurement with BST – about 2% ,

– hadronic energy uncertainty – about 4% ,

– photoproduction background uncertainty extend to 5% at low energy ,

• uncorrelated systematic errors:

– Monte Carlo statistics – 4%,

– BST reconstruction efficiency – 2%,

– radiative corrections – 2%,

– trigger inefficiency – 0.5%.
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3 Results

3.1 Cross Section and the Proton Structure Function F2

The kinematic region accessed in this measurement is divided into four Q2 intervals. The data
are also divided in bins of y. The binning is adapted to the resolution in the measurement of the
kinematic variables. Bins are accepted if the purity and stability are bigger than 30%. Here the
purity (stability) is defined as the number of simulated events which originate from a bin and
which are reconstructed in it, divided by the number of reconstructed (generated) events in that
bin.

Figure 3 shows the resulting measurements, expressed in the form of the reduced cross
section. The data points cover the region 0.35 ≤ Q2 ≤ 0.85 GeV2 and 10−4 <

∼ x <
∼ 5 · 10−3.

They are compared with the extrapolated predictions of a fit for F2 based on a self-similar
structure to the proton (FRACTAL FIT F2) [12], to which an FL term has been added, based on
a dipole model [14]. They are also compared with the results from a parameterisation (ALLM97
F2) [15] of inclusive and exclusive DIS and photoproduction data. All predictions are in good
agreement with the data.

The extension in kinematic phase space achieved using the new method is illustrated in
figure 4, where the present data are compared with the results from the non-radiative shifted
vertex analysis [1]. Figure 5 shows the overall status of DIS measurements in the low Q2

region, including in addition data from the ZEUS beampipe tracker [11], from a further H1
measurement at low Q2 and large x using QED-Compton events [16] and from NMC [17]. The
new data are compatible with the previous measurements.

3.2 Rise of F2(x, Q2) Towards Low x

Recently the H1 Collaboration has presented [19] a measurement of the derivative
(

∂ ln F2(x, Q2)

∂ ln x

)

Q2

≡ −λ(x, Q2) (2)

which quantifies the behaviour of the rise of F2(x, Q2) towards low x at fixed Q2. The new anal-
ysis allows improved extractions of the parameter λ. Figure 6 shows the results for λ obtained
by fitting the current data at fixed Q2 values, together with the previous shifted vertex measure-
ments [1]. Also shown are H1 results from larger Q2 values [18][19] and ZEUS results [11].
The new measurements confirm the change in behaviour of λ from a logarithmic dependence
on Q2 at large Q2 to a weaker dependence compatible with reaching a constant consistent with
the soft pomeron intercept as Q2 → 0. The change takes place on distance scales of the order of
0.3 fm and can be interpreted as being related to a transition from partonic to hadronic degrees
of freedom.
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4 Summary

A new measurement of the deep-inelastic electron-proton scattering cross section based on H1
data collected with the interaction vertex shifted by 70 cm is presented. The analysis introduces
a novel method, which allows the previous analysis of this data set to be extended into the higher
x region by means of events with initial state photon radiation from the incoming electron.
The radiated photon is not explicitly detected, but its parameters are inferred from energy and
momentum conservation. The neutral current cross section is thus measured for 0.35 ≤ Q2 ≤
0.85 GeV2 and 10−4 <

∼ x <
∼ 5 ·10−3. In the kinematic region of this measurement F2(x, Q2) still

rises towards low x at fixed Q2 like F2(x, Q2) = c(Q2) · x−λ(Q2). The new analysis allows
improved extractions of the parameter λ from the H1 data.
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Figure 1: Kinematic region covered by F2 measurementsd at HERA and fixed targed experi-
ments. The extension to higher x for low Q2 region provided by the ISR events analysis shown.
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Figure 2: Control distributions for the ISR-dominated event selection. The uncorrected data
distributions are compared with the sum of the DIS expectation (DJANGO Monte Carlo model)
and the expected photoproduction background (PHOJET Monte Carlo model). The compar-
isons are shown for the effective incoming electron energy Ee, the electron scattering angle θe,
the sum of the electron and hadron E − pz and the reconstructed y, Q2 and x as used in the
measurement.
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Figure 3: Measured reduced cross section from the shifted vertex ISR analysis, compared with
the extrapolated predictions of a ‘fractal’ fit based on self-similar proton structure, with the sum
of the fractal fit result for F2 and a FL contribution from a dipole model and with the ALLM97
parameterisation.

9



Figure 4: Measured reduced cross section from both ISR and non-radiative measurements using
shifted vertex data.
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Figure 5: Compilation of reduced cross section measurements with Q2 < 1 GeV2 from H1,
ZEUS and NMC.
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Figure 6: Compilation of selected HERA results on the parameter λ, obtained from fits of the
form F2 = c(Q2) · x−λ(Q2) to low x data.
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