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1. Deep Inelastic Scattering Cross Sections and Structure Functions

The inclusive deep inelastic (DIS) neutral current (NC) positronieprscattering cross section
at low negative four-momentum transferred squa@¥dcan be written in its reduced form as

B d?c Q* y )
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Here,a denotes the fine structure constanis the Bjorken scaling variable representing the mo-
mentum fraction of the proton carried by the scattered partonyasthe inelasticity of the scat-
tering process. The cross section is determined by two independentstrfinctionsf, andF, .
They are related to thg*p absorption cross sections of longitudinally and transversely polarised
virtual photons g, andoy, according td=, U (0, + o) andF_0 g, therefore 6XF < F,. The
structure functiorf, is the sum of the quarks and anti-quarkdistributions weighted by the elec-
tric charges of the quarks squared and is the dominating contribution todse section. In the
Quark Parton Model the value of the longitudinal structure fundgois zero, whereas in Quantum
Chromodynamics (QCDH, differs from zero due to the presence of gluons in the proton.
Information abouf, at largex had been obtained by a number of fixed target lepton-proton
scattering experiment§| [2], beginning with the discovery at SLAC that tiheRa~ F, /(F, —F)
was close to zero which was a most convincing evidence for the quarksmibl/2 fermions. The
measurement df_ at HERA constitutes the first-ever direct determinatiortiofn the kinematic
region of low Bjorkernx and therefore it has since long been recognised as an important piaet of
HERA programme][]3].
Indirect measurements & by H1 [@, [5,[p], which were relying on an extrapolatEs at
low x, did hint to larger values of the longitudinal proton structure function atXow his is to
be expected aB, at low x is dominated by the contribution of the gluon which rises steeply as
x decreases. WhilR at largex is a measure of the quark spin, at lowt rather quantifies the
dynamics of the gluon interactions and as such is of particular theoreticasn{g].
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2. Ingredientsto the Measurement of F

, . ZEUS
As evident from Eq[ 1|1, the structure functiofs . T

. . . o E 3 ]
andF,_ at fixedx and@? can be extracted in a model in- ~ 15F Q=80 GeV* x=2.22 107 ;

dependent way by fitting a straight line to the values,of 1.4F E

plotted againsy?/[1+ (1 —y)?] in the so-called Rosen- 1.3E E

bluth plot, see Fig[]1 for an example. The intercept at 1_2§

y2/[1+ (1—y)?] = 0 represents,(x, Q%) while the value 14E s a1cev E

of F,_is implied by the slope of the straight line. £ VEEEIOV  rscev
B gzhe'kmeTatlc varlaplex, Q? an'dy are related by R R Y

y = %5 with s= 4E.E, being the positron-proton centre- /14 (1—y)2]

of-mass energy. Therefore varyiyg- while keepingx Figure 1: Example of the reduced cross
andQ? constant — requires to vasy At HERA the varia- section at fixeck andQ? as a function of

tion of s was achieved by lowering the proton enefgly  y2/[1+ (1—vy)?|. The line and band in-
while keeping the electron enerdst = 27.5GeV con-  dicate the central value and uncertainty
stant. of the linear fit to extrack, andF_ I
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The precision of the determination Bf crucially depends on the range available/iri[1 +
(1-y)?. This was maximised by collecting data at the nominal HERA en&gy- 920 GeV,
v/s=318GeV (high energy run, HER) and B} = 460 GeV, /s = 225 GeV (low energy run,
LER) the lowest attainable energy with adequate instantaneous luminosity ddtcbases] Eg
and stable beam orbits within the limited aperture of the HERA proton ring. Anmagiate
data set was collected &, = 575GeV, /s = 251 GeV (medium energy run, MER) achieving
approximately equidistant separation of the measurements b+ (1 —y)?].

The sensitivity toF, is largest at higty as its contribution tag; is proportional toy?>. The
kinematic variabley, Q? andx are determined from the enerds,, and polar angleg, of the
scattered electron:

Ee 2 o Q
y=1———=(1-co0s8e), Q° = 2E.Ec(1+C0SBe), X= —. (2.1)
2Ee Sy
If therefore one intends to measweat highy one needs to master the trigger rate and electron
identification at small energies of a few GeV. Such energies are depasiteld more frequently
by hadrons from photoproductioryfg) processes, for whick)? ~ 0, than by genuine scattered
positrons.

Removal of theyp background constitutes the major challenge of the measureméptadf
HERA. There are two ways to control tlyp background: part of thgp events is uniquely identi-
fied by detecting the scattered positron near to the beam axis in tagging cadosmewnstream
thee™ beam. That measurement can be used to tune the Monte Carlo simulation afkgeobad.

In a further method the charge symmetry of the background is used. Whil® pd3itron carries
the lepton-beam charge, energy deposits due to hadronsyfpqgrrocesses are charge symmetric,
apart from a small proton-antiproton cross-section difference oneagaect for. With tracking
detectors in front of the calorimeters the charge of the DIS lepton candidatee determined and
the wrong charge signal can be statistically subtracted. ZEUS has gsadttlae background with a
tagger based simulation, f& > 6 GeV, in which subprocesses simulated by the PYTHIA Monte
Carlo program are weighted using ZEWS$ cross section data. H1 has primarily used the charge
measurement.

3. Results; NC Cross Section and Structure Functions

The ZEUS collaboration has recently publishgd [8] neutral currersscsections for medium
Q?, 20< Q? < 130 GeVF and 009 < y < 0.78 using data sets of 44.5ph 7.1 pb ! and 13.9 pb?!
for the HER, MER and LER analyses. The cross sections are shown.{B @&ft) as a function of
x for fixed Q2. The cross sections from the HER period constitute the most precise reegsur
by ZEUS in the measured range. The extracted valu€s ahdF,_ are displayed in Fid] 2 (right).
The measurement d, is the first-ever model-independent determinatiorFpfat low x. The
measurement df,_is clearly different from zero and is well described by the next-to-legdimier
(NLO) prediction based on the PDFs from the ZEUS-JETS[ffit [9]. Frooombination of the
measurements at a giv€df the structure functiof, and the ratiR= F_/(F, — F, ) are extracted
as a function of)?. For theQ? range covered, 20 to 130 GEVZEUS quotes an average value of

R=0.18"357. Figure[# shows a comparison of these measurements with predictionsoveted
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Figure 2. The measured cross sections {gs = 318 251 and 225 GeV (left) and the extracted structure
functionsF, andF,_(left) as a function for fixed values ofQ? from the ZEUS analysis. The measurements
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Figure 3: The measured cross sections Ey = 920, 575 and 460 GeV (left) and the extracted structure
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Figure 4. Values of averagedr (top) and given values ofQ?. The resultingx values of the
R=F_/(F,—F) (bottom) as a function of averagedr, are given in the figure for each pointin
Q?. The shaded band represents the 68% Q2. The curves represent the predictions of a dipole
probability interval for the overall averaged R. model as well as of perturbative QCD calculation at
The lines represent various model predictions. NLO using the H1 PDF 2009.

ZEUS-JETS and CTEQ6.§ [10] NLO as well as MSTW(8][11] NLO and NNiits. All these
predictions are based on the DGLAP formalism. Also shown are predictiomsthe NLL BFKL
resummation fit from Thorne and White (TW) [12] and the prediction fromirt@act-parameter-
dependent dipole saturation model (b-Sat) of Kowalski and Watt basé¢ideoDGLAP evolution
of the gluon density[[43]. All the models are consistent with the data.

The H1 results are based on data sets of 2176 gBER), 6.2pb! (MER) and 12.4 pb!
(LER). The H1 analyses profited from the continued efforts to imprové#tokward calorimetry
and tracking systems as well as from various trigger upgrades to ent@ntrigger efficiency of
low energy electrons. This enables H1 to measure the scattered elecaoreaérgy as low as
3 GeV, while using the charge measurement of the track associated with ¢chrereleandidate to
control the background. H1 have extended their published measurgidetawards highQ?, up
to 800 GeVf, and lowQ@?, down to 2.5 Ge¥, and obtain values df,_ at up to 6 different values
of x at a givenQ?. Figure[B showso; (left) and extractedr, (right) as a function ok at fixed
values ofQ?. F_ averaged ovex as a function 0fQ? is shown in Fig[5. FoQ? > 10 Ge\?, the
measurement is well described by NLO predictions, whereas at IQ#&¢he perturbative QCD
calculation underestimates the measurement. Dipole mddg(s]15, 16] aretdatestribe the data
well. For the entireQ?-range the measurement is consistent with a valiR-610.25.

4. Summary

Both HERA collider experiments H1 and ZEUS have published direct measmts of the
longitudinal proton structure function at mediu@3 probing the gluon-dominated lowregime.
H1 succeeded to significantly extend t&range of their measurement. At lovand not too small
Q? the prediction o, relies nearly completely on the behaviour of the gluon distribution, which
is determined at low from the scaling violations of,(x, Q?). The consistency of the theoretical
calculation orF, with the data abov€? ~ 10 Ge\? is therefore a non-trivial test of QCD to high
orders.
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