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Outline

Description of the xFitter project: methods, schemes and data
used for PDF determination.

The main results for: �The impact of low x resummationof QCD analysis of
HERA data� xFitter Developers' Team, EPJC 78 (2018) 8, 621.
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Motivation

The recent discovery of the Higgs boson and the extensive searches for signals
of new physics in LHC pp collisions demand high-precision calculations to
test the validity of the Standard Model (SM) and factorisation in (QCD).

The factorisation theorem for a hadronic cross section read:

dσhad = Wij ⊗ fi ⊗ fjdΦ

partonic cross section:

Process dependent
High-energy dominated
Computable in perturbation theory

parton distribution functions:

Universal (for a given hadronic
species)
Low-energy dominated
Perturbation theory inapplicable

The rapid �ow of new data from the LHC has motivated the development of
a tool to combine them together in a fast, e�cient, open-source framework :

xFitter framework

How do we determine parton distribution functions (PDFs)?

Presently, the most accurate and reliable way is through �ts to data

ALuszczak (Cracow University of Technology) xFitter project 15 - 17 November 2018 2 / 24



Fitting PDFs: Introduction

Data sets:

as large and varied as possible
spanning a wide kinematic range

Estimate of the uncertainties:

include full experimental
uncertainties
ensure a faithful representation

Choice of the parametrisation:

avoid parametrisation biases

Theoretical inputs:

higher order corrections
Heavy-quarks mass e�ect
...

Di�erent choices may lead to di�erent
results
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The xFitter Project

The xFitter project (former HERAFitter) is an unique open-source
QCD �t framework.

GitLab (CERN) is now the main repository of the project:
https://gitlab.cern.ch/�tters/x�tter
(open access to download for everyone - read only)

This code allows users to:

extract PDFs from a large variety of experimental data
assess the impact of new data on PDFs
check the consistency of experimental data
test di�erent theoretical assumptions

Around 30 active developers between experimentalists and theorists.

LHC experiments provide the main developments and usage of the xFitter
platform.
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The xFitter Project - list of analysis

More than 50 publications obtained using xFitter from the beginning of the
project:https://www.x�tter.org/xFitter/xFitter/results
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PDFs Fits in xFitter

Parametrise PDFs at the initial scale:
several functional forms available (�standard�, Chebyshev, etc.)
de�ne parameters to be �tted

Evolve PDFs to the scales of the �tted data points:
DGLAP evolution up to NNLO in QCD and NLO QED
(QCDNUM, APFEL, MELA)
non-DGLAP evolutions (dipole, CCFM)

Compute predictions for DIS and hadron colliders:
several heavy quarks treatments are avaliable in DIS
(ZM-VFNS, ACOT, FONLL, RT, FFNS)
predictions for hadron-collider data through
fast interfaces (APPLgrid, FastNLO)

Comparison data-predictions via χ2 :

multiple de�nitions available
consistent treatment of the systematic uncertainties

Minimise the χ2 w.r.t. the �tted parameters:

using MINUIT

Useful drawing tools.
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xFitter release 2.0.0

https://www.x�tter.org/xFitter/xFitter/DownloadPage

By default, only �nal combined HERA I+II data are distributed.
getter-x�tter.sh script to download data with corresponding theory �les.
In directory 'datasets' located all available �les.
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xFitter on Hepforge: data access

http://x�tter.hepforge.org/

Possibility to download data �les
(including theory).

Updated automatically with new
data added to svn.

Your feedback is welcome!
(via email: x�tter-help@desy.de)

http://x�tter.hepforge.org/data.html
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xFitter Developers Meeting

External xFitter's meeting at Cracow University of Technology, March 2018:
30 participants
2.5 days workshop with number of talks and many discussions
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My contribution to the xFitter projects

Implementation of dipole model of DIS in xFitter framework (2012)

BGK (Bartels-Golec-Kowalski) parametrization

σ̂(r, x) = σ0

{
1 − exp

[
−π2r2αs(µ

2)xg(x, µ2)/(3σ0)
]}

µ2 = C/r2 + µ2
0 is the scale of the gluon density

µ2
0 is a starting scale of the QCD evolution. µ2

0 = Q2
0

gluon density is evolved according to the LO or NLO DGLAP eq.
soft gluon:

xg(x, µ2
0) = Ag x

λg (1 − x)Cg

Comprehensive analysis of HERA data using xFitter and dipole models

�Dipole model analysis of highest precision HERA data, including very low
Q2's� A.Luszczak, H.Kowalski, Phys.Rev. D95 (2017) 014030

�Dipole model analysis of high precision HERA data�
A.Luszczak, H.Kowalski, Phys.Rev. D89 (2014), 074051

Collaboration with xFitter Team in several analysis: co-author of 8 papers

Analysis with gluons obtained in xFitter (BGK gluon)

�Incoherent di�ractive photoproduction of J/ψ and Υ on heavy nuclei in the
color dipole approach� A.Luszczak, W.Schafer, Phys.Rev. C97 (2018), 024903
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Low x analysis motivations
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From HERAPDF-like NNLO to NNLO +NLLx
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Matching at NNLO vs NNLO+NLLx
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PDFs at NNLO and NNLO+NLLx
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∆xf(x) for NNLO vs NNLO+NLLx evolution
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Data vs theory
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Data vs theory
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Isolating the impact of NLLx
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Region of maximal impact
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Region of maximal impact
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The structure function FL

The �t with ln 1/x resummation included gives better description of the FL

measured by H1 (EPJ C74, (2014) 2814).

However, given uncertainties, more important is the accurate measurement at
high y using large Ep = 920 GeV sample (�indirect FL�).
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Summary

xFitter is an open source QCD analysis tool.

xFitter provides interface to many data samples, with complex correlation
model, fast χ2 computation, fast evolution using QCDNUM, build-in
computation of DIS cross sections and interfaces to APPLGRID and
FastNLO, and other features such as di�erent PDF parameterisations and
regularisation methods

NNLO �ts with and without ln 1/x resummation are performed
to the HERA data.

Signi�cant improvement in the χ2 is observed when ln 1/x resummation is
included, concentrated in the region at low x, low Q2 and high y where the
contribution of the structure function FL is sizable.

NNLO+NLLx �ts have increased gluon distribution at low x and low Q2 .
The rise of the singlet and gluon distribution towards low x becomes similar,
in contrast to suppressed gluon for pure NNLO �ts, suggesting more simple
relation between them.

We welcome new ideas and developers :)

special thanks to: S. Glazov (DESY), S. Zenaiev (DESY)
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Ratio Σ/g: backup
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Splitting functions Pqg and Pgg: backup
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