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In the last several years a large number of new measuremasitselen performed in the area of
hadronic structures. Most of these measurements come fieRAHexperiments. Very often,
many data points and multiple parameter descriptions neddimg of physics messages from the
data not obvious. An intuitive description of structure dtians can be achieved by employing
fits based on the logarithmi@?-dependence of the structure function measurements. Titigsa
to compare simultaneously tlxedependencies of the hadronic structures and the interadyi-
namics of the proton, the photon, and colour singlet exclaiipis contribution is the extension
of the publication Phys. Lett. B488 (2000) 131 using new data
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1. AnalyssMethod

The logarithmic dependence of hadronic structures on the resolution@cptedicted by the
QCD evolution equations has led to an idea of fitting all available data of thdwteUfanctionF

with the function
Q2 K(X)
@) =at9 [ ()| (L.1)

Herex is the Bjorken scale variablé\ is a scale parameter, chosen to be a typical value of the
strong interaction scald = 0.35 GeV. There are two free parameteaseflecting the hadronic
structure at low momentum transfé? = e- A2 = 0.3 Ge\?, andk determining the positive and
negative scaling violations d%. This allows an intuitive description of hadronic structures. It is
the same ansatz that has been followed in the previous publicgtion [1].

The analysis has been done uskgstructure function measurements including most recent
publications. They include proton structure function data and diffraetiehange data from the H1
and ZEUS experiments (HERA [) as well as new data of the photon hadstroiture measured
at LEP (L3, ALEPH, OPAL and DELPHI experiments). The new data allodecrease the errors
in the determination of the hadronic structure paramatand the scaling violations parameter
K substantially. In comparison with the previous publication the study has bg¢ended to the
charm contribution to proton structure functiEfF_using data from the H1 and ZEUS experiments
(HERA I, 1l) as well as EMC data.

The following analysis strategy has been pursued. To ensure that tisem@ents are domi-
nated by deep inelastic lepton-hadron scattering with an undefigisgyucture function the anal-
ysed data have been restrictedd®> 2 Ge\2. In addition the kinematic region has been limited
by Q% < 1000 Ge\f andy < 0.6.

For the fit procedure using equatidn {1.1) the combined statistical andrstateerrors have
been taken into account. For some measurements, e.g. for diffractiveodétaeduced cross
sectionsarD(S) have been provided in the publications. In this case the structure fu@%ﬁhas
been calculated using= % = FZ_LFL = 0.25 taken from thés_ proton measurementg [2].

For diffractive data the region witkp < 0.005 has been considered which corresponds to the
Pomeron-like region. In order to study tk-dependence for a givex) an x-binning has been
performed if not provided in the publication.

The fit has been done only for thogéins for which more than two data points were avail-
able. For presenting the results of the fit the hadronic structure paraanaterscaling violations
parametek have been plotted as a functiomaofsee below). Only parameters with absolute errors
of 0, < 0.2 andoy < 1.0 have been shown in thegx) andk (x) graphs.

2. Comparison of the Hadronic Structures

The fits for the proton structure function measurements are based ontéhaklen from the
collider experiments ZEUS and H1 and from the fixed target experiment\8B& [, [4]. NewF,
data from HERA | run period have been taken from the combined H1 atntSZftiblication [[B].
These data provide more precise measurements of hadronic structutes iftermediate and the
low x region. Data frome™ p ande™ p collisions have been fitted according fo [1.1) separately for
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Figure 1: Two-parameter fit to the proton structure functignfor e™ p (left figure) ande™ p (right figure)
data from the combined HERA | H1 and ZEUS measuremé¢hts [3].

differentx bins (Figure[]L). To cover the highregion for the proton structure function the data of
the BCDMS [#] fixed-target experiment have been analysed. Théirestit parameters andk
are shown in Figurf§ 2 (red full circles). One can see the valencegjasskindk ~ 0.3. In the lower

X region the sea quarks dominate. A typical value for the hadronic struat@smallx is a ~ 0.1.
Looking at the scaling violations, there is a continuous rise from the negadlues starting in the
high-x region towards positive values for the low(sea quark) region. The scaling violations are
zero atx ~ 0.1.

The fits for the diffractive exchange are based on the ZEUS and Hlumegasnts oFZD(S) at
HERA I [H,[8,[7]. The parametemsandk resulting from the fit to the colour singlet exchange data
for the Pomeron-like region witkip < 0.005 are shown in Figuld 2 (magenta square symbols) as
a function ofx = 3, the fraction of the colour singlet momentum carried by the interacting parton.
In the upper figure the diffractive hadronic structure has been dahigea factor of 10 to enable its
direct comparison with other hadronic structures. One can observéalérgity at large parton
momentum which can be explained by e.g. a two-gluon structure where aore ¢duries a large
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Figure 2: Hadronic structure parameta(upper figure) and scaling violations parametdftower figure) as
results of the fit to proton, photon, diffractive exchangd proton charm contribution hadronic structures.

momentum fraction. The lower figure shows mostly large positive scaling viogtichich is,
together with the large rate of diffractive events, suggestive of a gloarirdated exchange.

On the same footing it is possible to analyse the hadronic structure of thenphbich results
from the fluctuations of a photon into a colour neutral and flavour neb&rdtonic state. For this
purpose the new data from LEP as well as the data from JADE, TASSOthadexperiments have
been analysed][8[-]30]. Owing to the relatively small number of measurenie each individual
experiment, their photon structure function data with systematic and statistis @rere used
together in the fits. Ax-binning has been done similar fo]31] except for two first and two last bins
in order to optimise the number of entries in each bin. In Fifjure 2 the fit paresaetadk for the
photon are shown (black triangular symbols). The hadronic structuaepbbton does not show
any evidence of valence quarks. The photon hadronic structuresotom the fluctuations shortly
before the collision. Like a proton at low valuesyothe hadronic-like structure of a photon lies
arounda ~ 0.1. In contrast to a proton, a photon has only positive scaling violations witfage
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value around ~ 1 as expected from QCD calculatiofs|[32].

In addition to afore mentioned objects the measurements of the charm contribmtibe
proton structure functioﬁzcc_have been analysed. One should pay attention that this component is
already a part of the inclusive proton structure functieranalysed before. Having this component
explicitly in hand it is interesting to compare it with other hadronic structurescalty those
ones originating from fluctuations. In this study the inclusive H1 HERA m#asurements, D-
meson H1 and ZEUS HERA | data and EMC data have been analygedBgi3[Fhe fit results are
shown in Figurd]2 (blue triangular symbols). The hadronic structure affthem contribution to
the proton structure is negligible when probing with the static resolution sc&)@ ef0.3 Ge\~.
There are strong positive scaling violations which is consistent with chesuoiting from gluon
fluctuations.

3. Conclusion

A wealth of new data from thep collisions at HERA ana"e™ collisions at LEP allowed to
perform an extensive comparison of hadronic structures extrapata@d= 0.3 Ge\? (Figure[2).
The proton hadronic structure shows valence quarks-a.3 with sea quarks and negligible heavy
quark contribution at lowx. The photon has a similar level of the sea quarks as the proton. The
hadronic structure of diffractive exchange reveals sea quarksvat émd increases towaros= 1
which is suggestive for two-gluon structure of a colour singlet object.

Scaling violations are strongly positive for the charm contribution to the prstiucture, for
the photon, the proton at lowand diffractive exchange (except far= 1) and negative for the
proton at highx.
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