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18 Dipartimento di Fisica Teorica, Università di Torino and INFN Sezione di Torino, Via P. Giuria 1,

I 10125 Torino, Italy
19 Harish-Chandra Research Institute, Chhatnag Road, Jhunsi, Allahabad, India
20 FNAL, Fermi National Accelerator Laboratory, Batavia, IL 60126, USA
21 II. Institut für Theoretische Physik, Universität Hamburg, Luruper Chaussee 149, D 22761 Hamburg,

Germany
22 LPTHE, Universities of Paris VI and VII and CNRS, F 75005, Paris, France
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Abstract
We provide an assessment of the impact of parton distributions on the determi-
nation of LHC processes, and of the accuracy with which parton distribution
functions (PDFs) can be extracted from data, in particular from current and
forthcoming HERA experiments. We give an overview of reference LHC pro-
cesses and their associated PDF uncertainties, and study in detail W and Z
production at the LHC. We discuss the precision which may be obtained from
the analysis of existing HERA data, tests of consistency of HERA data from
different experiments, and the combination of these data. We determine further
improvements on PDFs which may be obtained from future HERA data (in-
cluding measurements of FL), and from combining present and future HERA
data with present and future hadron collider data. We review the current status
of knowledge of higher (NNLO) QCD corrections to perturbative evolution
and deep-inelastic scattering, and provide reference results for their impact on
parton evolution, and we briefly examine non-perturbative models for parton
distributions. We discuss the state-of-the art in global parton fits, we assess
the impact on them of various kinds of data and of theoretical corrections, by
providing benchmarks of Alekhin and MRST parton distributions and a CTEQ
analysis of parton fit stability, and we briefly present proposals for alternative
approaches to parton fitting. We summarize the status of large and small x
resummation, by providing estimates of the impact of large x resummation on
parton fits, and a comparison of different approaches to small x resummation,
for which we also discuss numerical techniques.

The physics of parton distributions, especially within the context of deep-inelastic scattering (DIS),
has been an active subject of detailed theoretical and experimental investigations since the origins of
perturbative quantum chromodynamics (QCD), which, thanks to asymptotic freedom, allows one to de-
termine perturbatively their scale dependence [1–5].

Since the advent of HERA, much progress has been made in determining the Parton Distribution
Functions (PDFs) of the proton. A good knowledge of the PDFs is vital in order to make predictions
for both Standard Model and beyond the Standard Model processes at hadronic colliders, specifically the
LHC. Furthermore, PDFs must be known as precisely as possible in order to maximize the discovery po-
tential for new physics at the LHC. Conversely, LHC data will lead to an improvement in the knowledge
of PDFs.

The main aim of this document is to provide a state-of-the art assessment of the impact of parton
distributions on the determination of LHC processes, and of the accuracy with which parton distributions
can be extracted from data, in particular current and forthcoming HERA data.

In Ref. [6] we set the stage by providing an overview of relevant LHC processes and a discussion
of their experimental and theoretical accuracy. In Ref. [7] we turn to the experimental determination of
PDFs, and in particular examine the improvements to be expected from forthcoming measurements at
HERA, as well as from analysis methods which allow one to combine HERA data with each other, and
also with data from existing (Tevatron) and forthcoming (LHC) hadron colliders. In Ref. [8] we discuss
the state of the art in the extraction of parton distributions of the data by first reviewing recent progress in
higher-order QCD corrections and their impact on the extraction of PDFs, and then discussing and com-
paring the determination of PDFs from global fits. Finally, in Ref. [9] we summarize the current status
of resummed QCD computations which are not yet used in parton fits, but could lead to an improvement
in the theoretical precision of PDF determinations.

In addition to summarizing the state of the art, we also provide several new results, benchmarks
and predictions obtained within the framework of the HERA–LHC workshop.
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