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The proton parton distribution functions are essential for precision physics at the LHC and
other hadron colliders. Their current level of accuracy dominates the theory uncertainties in
Higgs production and it affects substantially theory predictions for Beyond Standard Model
high mass production. Here, we present the first stable release of the HERAFitter package -
an open source software which provides a framework for QCD analyses in the context of multi-
process and multi-experiment settings, bridging the state-of-the-art theory developments with
an appropriate treatment of the precise experimental measurements.

1 Introduction

The LHC at CERN will resume operation in early 2015 at enlarged energy and luminosity. This
poses new challenges for the understanding of quark-gluon dynamics of the incoming proton
beams. With increased accuracy of the experimental measurements, the uncertainties of proton’s
parton distribution functions (PDFs) play dominant role for the precision tests of the Standard
Model (SM), such as measurements of the electroweak mixing angle and the W boson mass. PDF
uncertainties are one of the dominating uncertainties in Higgs production and they substantially
affect the theory predictions for beyond SM high mass production.

HERAFitter is an open source project ! which provides a framework for QCD analy-
ses of hadron-induced processes in the context of multi-process and multi-experiment settings,
bridging the state-of-the-art theory developments with an appropriate treatment of the precise
experimental measurements.

The growth of the project is driven by the extensive demands from the LHC and HERA
collaborations, as well as from the theory community and individual interests in performing
topical studies. HERAFitter has successfully immersed into a wide variety of tools to facilitate
investigations of the HEP experimental data and theoretical calculations. In this document we
provide an overview over the structure of HERAFitter and a summary of the recent HERAFitter
developments.



2 HERAFitter Structure

The flow of HERAFitter is schematically illustrated in Fig. 1 and its structure can be divided
in four different categories: input data, theory predictions, QCD analysis, and results, briefly

described below.
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Figure 1 — Schematic structure of the HERAFitter program.

Input data: Different available measurements from the various processes are implemented in
the HERAFitter package with the full information on their uncorrelated and correlated
uncertainties.

Theory predictions: Predictions for cross section of different processes are obtained using
the factorisation approach. The PDFs are parametrised at a starting input scale Q% by a
chosen functional form with a set of free parameters p, then they are evolved? to the scale
of the measurement Q2. The prediction of a particular process cross section is obtained by
a convolution of the evolved PDFs and the partonic cross section, calculated at a certain
order in QCD with a relevant theory program

QCD analysis: The PDFs are determined by minimising the y? function with respect to p
using the MINUIT 2 program. Various choices of accounting for the experimental uncer-
tainties are employed in HERAFitter , either using a nuisance parameter method for the
correlated systematic uncertainties, or a covariance matrix method.

Results: The resulting PDFs are provided in a format ready to be used by the LHAPDF library*.
HERAFitter drawing tools can be used to display the PDFs with their uncertainties at a
chosen scale. The comparison of data used in the fit to the theory predictions are also
produced.

3 HERAFitter Functionalities

A milestone of the software development represents the first stable release of the project, in
December 2013. The package, with its vast functionalities, allows for dedicated studies. For
example, the DIS measurements span in the kinematic range from low to high scales, such that
the treatment of the heavy quarks (charm and beauty) and of their masses becomes impor-
tant. Several schemes exist and are implemented in HERAFitter : Zero-Mass Variable Flavour



Number, Fixed Flavour Number, General-Mass Variable-Flavour Number (Thorne-Roberts and
ACOT schemes). Theory predictions of Drell-Yan processes, although availabe at precision
matching data accuracy, are often computationally demanding, especially when PDF extraction
relies on iterative fits. Therefore, two methods have been developed to resolve this problem:
the techniques of "k-factors” and fast grids (i.e. APPLGRID, FASTNLO), both available in
HERAFitter . In addition, HERAFitter presents more flexibility in handling different represen-
tation of the experimental uncertainties, the possibility to use asymmetric uncertainties in the
QCD fits, and to include theoretical uncertainty in assessing the level of agreement between
data and prediction. HERAFitter provides various functional forms to parametrise PDF's, from
simple polynomials to bi-log-normal distributions, or chebyshev polynomials. Access to external
set of PDFs is also possible, which can be used farther to compute theoretical predictions for
the various processes of interest. In addition, drawing tools associated with HERAFitter have
been improved to allow for efficient interpretation of the results.

4 HERAFitter Applications

At the LHC, QCD analyses based on the HERAFitter platform involve the following SM pro-
cesses: inclusive low and high mass Drell-Yan production >, the measurements of W and Z
production cross sections 7, W production in association with the charm quark 8°, inclusive
photon 10 and jet 12 production. In addition, a study of the impact of the QED radiative
corrections on the PDFs was reported in 3.

At HERA, new results of QCD analyses using HERAFitter include the recent preliminary
HERAPDF2.0 set by the Hl and ZEUS Collaborations based on the preliminary HERA data
combination 4, the preliminary QCD analysis on the combined full HERA inclusive set (HERA-
PDF2.0 prel.), and a study on the determination of charm mass running from a combined analysis
of HERA charm data. Other dedicated analyses using HERAFitter based on the HERA mea-
surements were obtained, such as determination of the transverse momentum dependent gluon
density and an analysis using a new dipole model, reported in '® and ', respectively.

An important new development carried out by the HERAFitter developers’ team represents a
recent study presenting PDF sets at LO, NLO and NNLO accounting for correlated uncertainties
between orders !7. The sets are used to study cross section ratios and their uncertainties when
calculated at different orders in QCD. A reduction of the overall uncertainty is observed if
correlations between the PDF sets are taken into account for the ratio of WW di-boson to Z
boson production cross sections at the LHC.

Prospects of HERAFitter

The prospects of HERAFitter involve on one hand the software and computing developments,
and on the other hand, the scientific reach, as described below.

After the first stable release, the developments are foreseen to continue towards further re-
leases motivated by experimental and theory advances. A follow up release is already planned
to include the QED modified evolutions to extract photon PDF's and an interface to the approx-
imate NNLO calculation for the differential top pair production (DiffTop). The list of long term
plans includes the implementation of new evolution codes (such as HOPPET), the possibility to
use multi processing techniques to improve the running performance, new minimisation options
as an alternative to MINUIT package, etc.

Summary

The HERAFitter project is a fast growing and already established framework within the LHC
and theory community. The HERAFitter program allows determination of the PDFs from the
various measurements of the cross sections at ep, pp or pp colliders. It includes various options for
theoretical models and different choices to account for the experimental uncertainties. Therefore,



this project represents not only an ideal environment for benchmarking studies, but also a
support for the QCD interpretation of data analyses within the LHC experiments, as already
demonstrated by several publicly available LHC results using the HERAFitter framework.
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