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• xFitter is an open source QCD framework for PDF fitting that has proved to be a 

successful platform well integrated in the high energy physics community

• xFitter infrastructure has increased the scientific output of both HERA and LHC 

data, providing a flexible environment for theory benchmarking

• Stable release: xFitter-1.2.2 is available at www.xfitter.org

• It was developed in a close collaboration of experimentalists from HERA and the 

LHC with theoreticians

• There are ~30 developers

http://www.xfitter.org/


Uncertainties on Parton Distribution Functions  

(PDFs) limit our knowledge of cross sections 

whether SM or BSM. 

where X=W, Z, D-Y, H, high-ET jets, prompt-γ

and     is known to some fixed order in pQCD and 

EW or  in some leading logarithm approximation (LL, 

NLL, …) to all orders via re-summation
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Current knowledge of PDFs is dominated by 

the HERA data

PDFs are evolved up in scale using the 

DGLAP equations to make predictions for 

LHC cross -sections
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Accurate knowledge of Parton Distribution Functions is essential 

for precision physics at the LHC 

• Uncertainty on PDFs is one of the main

uncertainties on the SM Higgs cross section

• And on MW

• And on predictions for high scale 

BSM production 

Different PDF groups use different 

methodologies as well as different data

HERAFitter is an open source QCD fitting code which allows the comparison of the use 

of different data sets and different methodology, e.g. choice of heavy flavour scheme,

using a common platform

It can be used to extract PDFs ------- it is used for the HERAPDF-----------------

and to assess the impact of new data and hence to improve the sensitivity of new 

measurements to PDF- this is already being done within ATLAS and CMS before 

finalisation of measurements and publication



Formalism

(NN)LO DGLAP

MSbar factorisation

Q0
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functional form @ Q0
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Heavy quark treatment…

Data

DIS (Fixed target and HERA)

Drell-Yan (E605, E772, E866, …)

High ET jets (Tevatron)

W,Z  rapidity and asymmetry (Tevatron)

etc. and NOW LHC data…

Who?

ABM, CT, MMHT,

HERA,JR,NNPDF

http://durpdg.dur.ac.uk/hepdata/

http://projects.hepforge.org/lhapdf/

LHAPDFv5/6

fi (x,Q2)   fi (x,Q2)

αS(MZ )

How do we determine Parton Distribution Functions ?
Parametrise the parton distribution functions (PDFs) at Q2

0 (~1-2 GeV2)- Use (NN)LO 

QCD DGLAP equations to evolve these PDFs to Q2 >Q2
0

Construct the measurable cross-sections by convoluting PDFs with (NN)LO 

matrix elements: make predictions  for ~2000 data points across the x,Q2

plane- Perform χ2 fit to the data

http://durpdg.dur.ac.uk/hepdata/
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HERAFitter allows the choice of input parametrisation
• HERAPDF/MSTW style

• CTEQ style

• Chebyshevs

• Log Normal

HERAPDF, MSTW, CTEQ

CT add exponentials

MMHT
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And the choice to input a wide range of data in addition to the HERA-DIS data

e.g. LHC data 



HERAFitter allows various ways of treating experimental systematic uncertainties

Data should be provided with information on correlated systematic uncertainties this can 

be in the form of a correlation matrix, or in terms of correlated shifts for each systematic 

source. These are used in the χ2 minimisation as:

Experimental errors can be propagated to the PDFs by several methods 

i) Hessian method – nuisance parameters are fitted, χ2 tolerance T >1 can also be 

used to account for marginally compatible input data sets

ii) Offset method- nuisance parameters are applied as 1σ shifts

iii) MC-method—data points are shifted randomly within their 1σ limits to form MC 

replicas. This can also allow for asymmetric uncertainties
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Herafitter allows comparison of different theoretical formalisms

QCDNUM is used for  DGLAP evolution, but QCDRAD and APFEL can also be used

Coefficient functions can be calculated in various heavy quark schemes

• Variable Flavour Number schemes a la MMHT(TR), CT(ACOT) or NNPDF (FONLL)

• Fixed Flavour Number schemes as used by ABM  

Tools like FastNLO and Applgrid are implemented to make fast calculations for 

NLO (and NNLO) cross sections which are otherwise too slow for input to a fit

• NLO jet production can be done by FastNLO or Applgrid interfaced NLOJet++

• NLO Drell-Yan and W,Z production can now be done exactly using Applgrid

interfaced to MCFM. 

• NNLO Drell-Yan using DYNNLO should be available soon

• Top production, from MCFM at NLO, is extended to NNLO by DiffTop

• – and an interface to the calculations from Mitov et al is coming
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Going beyond DGLAP

x

x
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Xfitter release 2.0.0 March 2017

Frozen Frog
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Examples of the use of xFitter

The first was the production of the HERAPDF-- now HERAPDF2.0

xFitter also contains the HAverager tool which is used to combine ZEUS and H1 

data, and now to combine electron and muon channel data at the LHC
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Quantitative comparison of agreement between new data sets and 

predictions from various PDFs– not just HERAPDF

x

This is also the basis of the profiling 

method for determining the impact of new 

data sets on current PDFs

arXiv: 1606.01736

The NNPDF reweighting method, which 

weights replica PDFs according to their

Goodness of fit is also implemented in 

xFitter. Here High Mass Drell-yan data are 

used to reweight the NNPDFqed photon



Inputting new data sets to a PDF fit to assess –and improve- their impact

Both CMS and ATLAS have added top data, jet data and W,Z data to the 

HERA data to asses their impact.

Improving 

gluon PDF

Improving valence PDFs 

and 

Determining strangeness 

fraction

arXIV:1612.03016

W,Z

W,Z

top

jets
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PDF sets at LO/NLO/NNLO with correlated uncertainties
arXiv:1404.4234
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xFitter-2.0.0 latest release

What did we talk about at Oxford?
• We reviewed PDFs NNPDF/CT/MMHT/ABMP

• We reviewed new relevant data

We discussed tools

QCDNUM, Top++, Hathor, APFEL codes, APFELgrids, links of 

LHAPDF/HEPDATA/xFitter

• Sharing Grids for predictions

• Sharing k-factors for NNLO/NLO corrections

Developments beyond fixed  order predictions, such as:

• pt-resummation/parton showers and TMD PDFs

• Intrinsic charm

• Resummation at low-x and high-x

• EW corrections

• Nuclear PDFs 
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extras
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