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Abstract. Preliminary data are presented on the proton structure functions F2 and FL measured in deep
inelastic scattering in the kinematic region of low Bjorken x and low four-momentum transfer squared Q2

by the H1 and ZEUS experiments.

1 Introduction

In the single-photon exchange approximation the reduced
neutral current inclusive DIS cross section at low Q2 is
given as

Q4x

2πα2Y+
· d2σ

dxdQ2 = σr = F2(x, Q2)− y2

Y+
·FL(x, Q2), (1)

where Y+ = 1 + (1 − y)2. The inelasticity y is related
to x and Q2 as y = Q2/sx, where s is the center of mass
energy squared. The influence of the longitudinal structure
function FL on the reduced cross section σr is strongly
suppressed for y < 0.6 due to the kinematic factor y2/Y+
and since FL ≤ F2. Thus the measurement of σr at low
y directly determines F2 with a small correction for FL,
while FL can be extracted at high y, resp. small x.

In the Quark Parton Model [1] the photon interacts
with a spin 1/2 particle having only longitudinal momen-
tum, which leads to [2] FL(x) = 0. In Quantum Chromo-
dynamics (QCD) quarks interact through gluons, which
can split into quark anti-quark or gluon pairs. This way,
the quark struck by a virtual photon has transverse mo-
mentum ∼ Q, which leads to FL(x, Q2) > 0. Thus FL is
directly connected with the gluon distribution in the pro-
ton and can provide a sensitive test of perturbative QCD.

The analyses presented in this contribution were re-
cently performed by the H1 and ZEUS collaborations.
Details can be found in the quoted references while this
summary is focused on the results.

2 Cross section measurements

The inclusive deep inelastic scattering cross section was
measured at H1 during two dedicated running periods,
denoted as mb99 [3] and svtx00 [4]. In both of them the
H1 trigger system was set up to deliver minimum-biased
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Fig. 1. The reduced cross section as a function of x in bins of
Q2. Preliminary data by the H1 collaboration are shown. The
inner error bars represent the statistical errors. The full errors
include the statistical and systematic errors added in quadra-
ture. The dashed lines show a function of the form c · x−λ rep-
resenting the F2 contribution to the fitted cross section. The
solid lines show fits of the form σr = c · x−λ − y2/Y+ FL, from
which FL is extracted in the shape method, see text

inclusive low Q2 data. Furthermore, in the svtx00 sample
the interaction vertex was shifted along the proton beam
by about 70 cm in order to access the transition region
from the non-perturbative to the deep-inelastic domain at
even lower Q2. Figure 1 shows the measured cross section
as a function of x in bins of Q2. With increase in statistics
and new instrumentation the accuracy of the measurement
is improved as compared to the previous low Q2 data [5,6].
The data were further used for various phenomenological
studies, e.g. to study the rise of F2 at low x.
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Fig. 2. Determination of FL(x, Q2) (closed squares and cir-
cles) by the H1 collaboration from low Q2 cross section mea-
surements. The inner error bars correspond to statistical er-
rors. The full errors include the statistical, uncorrelated and
correlated systematic errors added in quadrature. The result
is compared to various NLO and NNLO QCD fits and to the
previous H1 determination [5] (triangles)
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Fig. 3. Q2 dependence of FL(x, Q2) (at fixed W = 276 GeV),
summarizing the data from the H1 experiment. The inner error
bars represent the statistical errors. The full errors include
the statistical, uncorrelated and correlated systematic errors
added in quadrature. The result is compared to various NLO
and NNLO QCD fits

3 FL at very low Q2

The new low Q2 data, introduced in the previous section,
were used to determine FL. For fixed Q2, the inclusive
cross section rises with decreasing x (see Fig. 1). How-
ever, at very low x (high y) a characteristic bending of
the cross section can be noticed. This occurs at all Q2 val-
ues at fixed y ∼ 0.5 and is attributed to the contribution
from the longitudinal structure function FL(x, Q2). The
shape of the cross section bending is driven by the kine-
matic factor y2/Y+ rather than by the behaviour of FL.
This observation is employed in the new method of FL

extraction at low Q2 by the H1 collaboration [7].
The obtained FL data are shown in Fig. 2 together

with predictions of various higher order QCD fits, par-
tially extrapolated below their minimum Q2 of applica-
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Fig. 4. A measurement of FL by the ZEUS collaboration from
the ISR analysis in a bin of Q2 = 5.5 GeV2. The result (closed
circle) is compared to the previous H1 determination [5] (open
triangle) and to FL (lower band) and F2 (upper band) from the
ZEUS QCD fit [10]

bility. The values of FL(x, Q2) are consistent with the
previous determination by the H1 Collaboration (closed
triangles), but are more precise and extend the kinemati-
cal region, in which FL(x, Q2) is determined, to lower Q2.
As can be seen from the different curves there is a signif-
icant uncertainty for the FL prediction in the NLO QCD
fits. This reflects the uncertainty of the initial gluon dis-
tribution. The H1 data clearly favor a positive, not small
FL at low Q2 and small x, as is preferred by the H1 and
Alekhin’s fits while the MRST and ZEUS predictions are
low. A negative FL value at small x is experimentally ruled
out by the measured turn-over of the reduced cross sec-
tion, see Fig. 1, which leads to FL > 0. It becomes evident
from Fig. 2 that the x dependence of FL needs to be mea-
sured which requires to operate HERA at reduced proton
beam energy.

An overview of all current H1 data on FL(x, Q2), from
Q2 = 0.75 GeV2 to 700 GeV2 and for fixed W = 276 GeV,
is given in Fig. 3. It comprises the preliminary results of
the low Q2 analysis, the results based on data collected in
96/97 [5] and also the recently published high Q2 results
from e+p and e−p data [8]. All QCD fits describe the data
at larger Q2 while at lower Q2 similar conclusions can be
drawn as for the x dependence discussed above.

4 Initial state radiation analysis

In initial state radiation events (ISR) the lepton beam
energy is varied due to a hard initial state photon emis-
sion. In [9] this class of events was used by ZEUS to
measure the structure function F2 in the kinematic range
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Fig. 5. Results of the F2 measurement from QED Compton
scattering (closed circles) compared with other measurements
at HERA and fixed target experiments. The solid line depicts
the ALLM97 parametrisation [12], while the dashed line repre-
sents the Fractal parametrisation [13], which is plotted in the
range y > 0.003

0.3 < Q2 < 22 GeV2 and 8×10−6 < x < 1.8×10−1 which
was found to be consistent with previous measurements.
Furthermore, the beam energy variation was employed to
directly extract the longitudinal structure function FL as-
suming F2 to be well known in this kinematical region.
The technique of this measurement is in detail described
in [9]. The result is shown in Fig. 4, and it is compared
to the previous H1 determination [5] and to ZEUS QCD
fit [10] structure functions F2 and FL.

5 QED compton analysis

The proton structure function F2 was measured in QED
Compton scattering using data collected in 1997 by the
H1 experiment [11]. The region of very low Q2, down to
0.1 GeV2, is accessed at medium Bjorken x. Hence, the
measurement is complementary to the inclusive cross sec-
tion measurements presented in Section 2. The results are
in agreement with measurements from fixed target exper-
iments in the region of overlap, see Fig. 5.
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