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The xFitter project is an open source QCD fit framework ready to extract 
PDFs and assess the impact of new data. 

The framework includes modules allowing for a various theoretical and 
methodological options, capable to fit a large number of relevant data sets from 
HERA, Tevatron and LHC. 

This framework is already used in many analyses at the LHC.

xFitter Project www.xfitter.org

Maria Ubiali
Proton parton distribution functions (PDFs) 
are essential for precision physics at the LHC 
and other hadron colliders. The determination of 
the PDFs is a complex endeavor involving several 
physics process.  … In particular, the precise 
measurements obtained or to come from LHC will 
continue to improve the knowledge of the PDF.
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Introduction

kinematic plane of the experimental data (in x,Q2)

LHC

TEVATRON

HERA

Precise knowledge of the PDFs are essential for predictions at hadron colliders

JLAB

σ≈σ̂⊗PDF
QCD factorisation:

Experimental Data:

→ a large variety of data from fixed-   
    target and collider experiments 

Theory:

→ intense theoretical developments

 

QCD Analysis:

→ available PDFs: CT/CJ, MMHT,          
   NNPDF, ABM, HERAPDF, JR

… and Tools 

Fixed 
target
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http://xfitter.hepforge.org/data.html

Data Available at HEPforge
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Tools for PDF determination 

Available (open-source) tools for the PDF determination:

xFitter (former HERAFitter): an open-source package that provides a framework for the 
determination of the PDFs of the proton and for many different kinds of analyses in QCD

OPENQCDRAD (ABM collaboration: numerical computation of all hard scattering cross 
sections (DIS structure function calculation including heavy quark contributions, W and Z 
production)

APFEL (used by NNPDF): a PDF evolution library, is a computer library specialized 
in the solution of DGLAP evolution equations up to NNLO in QCD and to LO in QED

QCDNUM: Fast QCD Evolution and Convolution (numerically solves the evolution equations 
for parton densities and fragmentation functions in pQCD) 

ALPOS: an object-oriented data to theory comparison and fitting tool (profit from and 
exchange with xFitter experience)
 → access from a public svn repository (via request)
    

 PRD86 (2012) 054009,  www-zeuthen.desy.de/˜alekhin/OPENQCDRAD

arXiv.1310.1394, apfel.hepforge.org

Comp.Phys.Com.182:490,2011

http://desy.de/~britzger/alpos/

EPJC (2015), 75: 304, xfitter.org
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Results Obtained with xFitter

https://www.xfitter.org/xFitter/xFitter/results

More than 30 public results obtained using xFitter from the beginning of the project

LHC experiments provide the 
main developments and 
usage of the xFitter platform

xFitter publications:
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xFitter release xfitter-2.0.0NEW

By default only final combined HERA I+II data are distributed 
  → getter-xfitter.sh script to download data with corresponding theory files 
  → in directory 'datasets' located all available files

Sample data files:
LHC: ATLAS, CMS, LHCb
Tevatron: CDF, D0
HERA: H1, ZEUS, Combined
Fixed Target: …
User Supplied: ...

www.xFitter.org

xFitter 2.0.0
FrozenFrog
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xFitter on GitLab

https://gitlab.cern.ch/fitters/xfitter

Commits from developers which have no CERN account handled via mirror-GIT public page 

GitLab (CERN) is now the main repository of the project

→ open access to download for everyone (read only)

https://gitlab.cern.ch/fitters/xfitter
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xfitter-2.0.0 vs xfitter-1.2.2    part 1NEW



  F. Olness                                                        DIS2017, Birmingham UK   April 3 – 7, 2017 10

xfitter-2.0.0 vs xfitter-1.2.2    continuedNEW
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Results Obtained with xFitter: Examples

Phys.Rev.Lett.109(2012)012001

Drell-Yan processes (pp, ppbar)
→ strange quark density determination 

DIS inclusive processes in ep 

Jet production (ep, pp, ppbar)

JHEP05(2014)068

PRD 90 (2014) 032004

EPJC 75 (2015) 12, 580

CMS PAS SMP-14-001

arXiv:1606.01736

DY data sensitivity to photon PDF



  F. Olness                                                        DIS2017, Birmingham UK   April 3 – 7, 2017 12

Results Obtained with xFitter: Examples

PDF4LHC report (benchmarking)

arXiv:1507.00556

CMS PAS TOP-14-013

EPJC 76 (2016)8, 471

arXiv:1507.00556

EPJC 75 (2015) no.8, 396

Heavy Quark production (ep, pp, ppbar) 

Evaluation of modern PDFs (benchmarking)

Top-quark production (pp, ppbar) 
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The extraction of m
c
(m

c
) was performed using FONLL scheme in terms of the MS 

masses → improves perturbative convergence

 → combined HERA I + II charm production and DIS cross sections

 → FONLL-C scheme used – NLO accuracy in the massive sector

 → also tested in FFNS (fixed flavour number scheme) at NLO

Latest xFitter Developers Team Publication 

__

pole mass definition suffers from non-
perturbative effects which result in an 
intrinsic uncertainty of order Λ

QCD

JHEP 1608 (2016) 
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The photon PDF from high-mass Drell Yan data at the LHC
F. Giuli,  et al., xFitter Developers' team
arXiv:1701.08553 [hep-ph]

Determination of the photon PDF from fits to recent ATLAS measurements 
of high-mass Drell-Yan dilepton production at √s=8 TeV 

Fit photon PDF at Q
0

V. Bertone and S. Carrazza, arXiv:1606.07130.
NNPDF Collaboration,  JHEP 04 (2015) 040

A. Manohar, P. Nason, G. P. Salam, and G. Zanderighi,  arXiv:1607.04266.
L. A. Harland-Lang, V. A. Khoze, and M. G. Ryskin, Eur. Phys. J. C76 (2016)

xFitter Photon PDF See talk by Francesco Giuli 
earlier today
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LHeC & FCCeh Studies
→  Compute PDFs for future facilities
→  Determine discovery reach

Thanks to  Voica Radescu

See talks by Claire Gwenlan 
& Mandy Cooper 
in WG7  (Tuesday)

pseudo data 
available
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TMD (uPDFs) in xFitter
→  work  in progress 
→  sample results shown
→  evolve in Q with DGLAP, BFKL, or CCFM

Ola Lelek, Francesco Hautmann, Hannes Jung
xFitter Workshop, Oxford March 2017

Talk by Ola Lelek 
WG1 (Wednesday)

Quark and Gluon collinear and TMD parton distributions from HERA DIS data 
Ola Lelek, Francesco Hautmann, Hannes Jung PoS DIS2016 (2016) 036 

LO
NLO
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! This theory file a test file                                                                             
! generated from cms_Wm_pPb/tab1_NLO_nCTEQ15/0-NLO.w.output_FEWZextractor.pickle                           
!                                                                                                          
&Data                                                                                                      
   Name  = 'cms_wm_fig3b_rew_theory'                                                                       
   NData =  10                        ! Number of data points                                              
   NColumn =  35                       ! Number of all columns                                             
   ColumnType = 2*'Bin','Theory',32*'Error'                                                                
   ColumnName = 'bin_min','bin_max','Theory','sys_pdf1+','sys_pdf1-','sys_pdf2+','sys_pdf2-','sys_pdf3+','s
                                                                                                           
   Percent = 35*false                                                                                      
&End                                                                                                       
-3.210000  -2.210000  68.741530  70.217919  53.843583  54.776114  55.127642  54.906983  55.100473  54.92585
-2.710000  -1.710000  73.166300  74.970459  71.237587  73.206869  72.865096  73.155551  73.195358  72.75966
-2.210000  -1.210000  77.117926  78.761118  75.056500  77.797845  75.866640  77.284879  96.182211  95.26098
-1.710000  -0.710000  76.802215  77.591534  75.327487  78.104012  93.203973  96.491652  76.373931  75.46185
-1.210000  -0.210000  74.028980  73.391074  92.428310  94.386640  71.423714  74.670278  73.321801  72.60121
-0.710000   0.290000  71.703561  87.046669  73.294541  72.727791  69.633737  72.562872  70.763443  70.600849
-0.210000   0.790000  66.724986  63.587060  69.821964  66.923705  65.931819  67.724555  65.643148  66.244718
 0.290000   1.290000  60.784235  57.104033  64.822950  60.284453  61.368923  61.834261  74.572306  76.142279 
 0.790000   1.790000  55.089179  51.274172  59.517844  54.207820  70.954582  70.149144  53.990219  55.656449 
 1.290000   2.290000  50.663899  37.524493  55.141705  49.674063  42.356554  41.320199  39.691263  41.157364 

￼

Profiling W±  in Proton-Lead Collisions
→  Use nCTEQ15 LHAPDF grids 
→  Use FEWZ for W cross section calculations
→  Input LHC pPb data
→  Use xFitter Profiling utilities

Thanks to Eric Godat & Voica Radescu

Both profiling & 
reweighting available
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APFEL has a new feature

We can adjust the matching scale for 
the heavy quark PDF transition

Traditional VFNS

New APFEL Flexibility

What are the benefits?

1)avoid discontinuities in the 
middle of data sets

2)avoid delicate matching 

in  region ¹       ∼ mc,b 

Variable Matching Scale ¹
m
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Variable Matching Scale ¹
m

→  Freedom to Choose Matching Scale ¹m 
→  Avoid delicate cancellations
→  Select scale “away” from data

NLO

Thanks to Valerio Bertone

A  theoretical laboratory ...
  1) flexibly interpolate between VFNS  and  FFNS

2)  answer many outstanding theoretical debates 
with numerical results!!!
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Tools for PDF Analysis
→  LHAPDF Standard
→  Interface to Python
→  ManeParse Mathematica Package

Thanks to Florian Lyonnet 
 & Eric Godat
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Summary 
xFitter project - a multi-functional QCD framework well integrated into
the high energy community (both, experimental and theory) EPJC (2015) 75: 304

→ many active developments thanks to the close collaboration with experiments        
and theory groups 

→ technical updates include usage of GitLab and HEPFORGE 

→ xfitter-2.0.0 is latest (recommended) release                    Frozen Frog

→ over 30 public results obtained using xFitter (main applications are from LHC)

→ several published dedicated physics studies (developers team publications), 
    more studies are ongoing 

→ foreseen future physic (low-x phenomenology, nuclear PDF, etc...) and technical       
   developments (improved user interface for PDF parametrisation form, 
   data cards,        python interface, etc…)

→ useful for future projects, and room for suggestions and contributions 

www.xfitter.org

we welcome new ideas and developers :) 
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Back-up Slides 
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xFitter Developers Meeting                   
           

External xFitter's meeting in Oxford:

 → 33 participants

 → 2.5 days workshop with number of talks                                                                                
and many discussions 

https://indico.cern.ch/event/578304/
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2015

2016

2017

xFitter Workshops
www.xfitter.org
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xfitter examples (CTEQ school)NEW

A list of educational examples are provided in the package - prepared for the 
CTEQ summer school 2016:

Exercise 1: PDF fit
→ learn the basic settings of a QCD analysis, based on HERA data only

Exercise 2: Simultaneous PDF fit and αs
→ learn the basic of an αs extraction using H1 jet data

Exercise 3: LHAPDF analysis
→ how to estimate impact of a new data without fitting:

→ profiling and reweighting techniques

Exercise 4: Plotting LHAPDF files
→ direct visualisation of PDFs from LHAPDF6 using simple python scripts

Exercise 5: Equivalence of c2 representations
→ understand different c2 representations 

nuisance parameters and covariance matrix χ2 formulas

http://qcd2016.desy.de
Stefano Camarda
Ringailė Plačakytė
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Technical Changes (since xfitter-1.2.0) 
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xFitter on Hepforge: data access

Complementary information about the 
project (to xfitter.org)

●

→ possibility to download data files 
(including theory)
→ updated automatically with new data 
added to svn

will include script to download all data at 
once

●

Your feedback is welcome 
(via email xfitter-help@desy.de)

http://xfitter.hepforge.org/
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xFitter Developers Team Publication: Results 

→  m
c
(m

c
) value is determined from a parabolic

minimum of the global c2 scan vs m
c
(m

c
) with 1σ

uncertainty determined from Dc2 variation

→ m
c
(m

c
) measurement is comparable to previous 

determinations from DIS as well as PDG world average:
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http://www.nikhef.nl/~h24/qcdnum

https://apfel.hepforge.org

https://apfel.hepforge.org/mela.html

Physics Cases in xFitter 
QED PDFs up to NNLO QCD + LO QED in FFNS and 
VFNS are now available via evolutions in:

→ QCDNUM adjusted for DGLAP+QED [R. Sadykov]

      → APFEL DGLAP+QED as used by NNPDF2.3 [V. Bertone et al]

    →  plan to add NLO QED, interface APPLGRID to SANC

V. Bertone, R. Sadykov

→ at LO QED, no corrections to the SFs are needed

→ at NLO QED, access to new diagrams:

    → implementing the O(a
S
a) and the O(a2) corrections to the

     DGLAP splitting functions on top of the O(a) ones

→ implementing O(a
S

2a) and the O(a2), O(a2a
S
) corrections    

     to b functions

→ when including NLO QED corrections, not only the
•     evolution is affected but also the DIS structure functions      

    get corrected

New: NLO QCD + QED via APFEL in xFitter:

Project SANC (former CalcPHEP): Support of Analytic 
and Numeric calculations for experiments at Colliders

http://www.nikhef.nl/~h24/qcdnu
https://apfel.hepforge.org/
https://apfel.hepforge.org/mela.html
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 http://www-zeuthen.desy.de/~alekhin/OPENQCDRAD

Physics Cases in xFitter 

Addition of new Heavy Flavour Scheme: FONLL VFNS 

→ it is available thanks to collaboration with APFEL

→ various FONLL options available via interface to APFEL

        → ABM scheme was up-to-dated to OPENQCDRAD v 2.0b4

https://apfel.hepforge.org

EPJC 75 (2015) no.8, 396

EPJC 75 (2015) 12, 580

Interface to Mangano-Nason-Ridolfi (MNR, NPB 373 (1992) 295) 
theory code added in xFitter

→ was used for analysing the heavy-flavour production at        
     LHCb and at HERA (via OPENQCDRAD)

→ use of FFNS for accounting of heavy quark masses at NLO

→ added corresponding LHCb data

    Added extra reweighing option using Giele-Keller weights

http://www-zeuthen.desy.de/~alekhin/OPENQCDRAD
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Schematic View of the xFitter Program

Main steps in QCD analysis:

Parametrise PDFs at the starting scale
→ multiple options for functional forms
    → Standard Polynomial, Chebyshev, etc

Evolve to the scale corresponding to data point 
 → QCD(DGLAP) evolution codes [QCDNUM, APFEL]
 → kt ordered evolution, dipole models, QCD(DGLAP)+QED   

Calculate the cross section 
 → various heavy flavour schemes:
     → RT, ACOT, FONLL, FFNS(ABM)
 → fast grid techniques interfaced to DY: 
     → APPLGRID, FASTNLO 

Compare with data via c2:
 → multiple forms to account for correlations

Minimize c2 with respect to PDF parameters
 → profiling, reweighting 
 → fit: MINUIT, data driven regularisation 
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xFitter Project
2011 Open Source Revolution: 

 first open source QCD Fit Platform which started the wave of sharing QCD fit codes 

A team of ~30 developers:
LHC/HERA/theory/independent
several releases since 2011
33 publications that have used the framework [in total]

EPJC (2015), 75: 304

  synergy  between experiment and theory groups 

provides a unique QCD framework to address theoretical differences:
→  benchmark exercises/collaborative efforts/topical studies

provides means to the experimentalists to optimise the measurements:
→  assess impact/consistency of new data

Dedicated studies [xFitter developers]
method in preserving correlation between PDFs extracted at different orders in pQCD 
address consistency of Tevatron measurement and evaluate their collective impact on valence
determination of the running mass in MS scheme 

__

www.xfitter.org
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