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  Introduction to xFitter Introduction to xFitter 
from enthusiastic userfrom enthusiastic user

● xFitter, Open Source QCD Fit Project: https://arxiv.org/abs/1410.4412
● Manual: 

https://www.xfitter.org/xFitter/xFitter/DownloadPage?action=AttachFile&do=view&target=manual.pdf
● xFitter releases:

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

K. Wichmann     @ Low-x 2019
                                Nicosia Cyprus

https://arxiv.org/abs/1410.4412
https://www.xfitter.org/xFitter/xFitter/DownloadPage?action=AttachFile&do=view&target=manual.pdf
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Parton Distribution Functions (PDFs)Parton Distribution Functions (PDFs)

pA

pB

fa

fb

x1

x2

�ˆ X

● They are necessary whenever we have interactions with proton

● Parton density functions necessary to compare data to theory/MC
● Different parton density functions result in different cross sections

LHC/TevatronHERA
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Motivation for PDF studiesMotivation for PDF studies
● Uncertainties of many variables often 

dominated by PDF uncertainty
→ limiting factor in theoretical predictions

● Standard Model measurements
● BSM Searches (high-x region)

● Often very good statistical precision- 
improved PDF uncertainties help!

“Measurement of the differential Drell-Yan 
cross section in proton-proton collisions at 
√s= 13 TeV”, CMS, arXiv:1812.10529

Better known PDFs →
smaller uncertainties
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xFitter - open source QCD framework 
→  successful platform well integrated in HEP community

● xFitter infrastructure provides flexible environment for 
theory benchmarking
→ increased scientific output of both HERA and LHC data

● xFitter allows comparison of use of different data sets and 
different methodology (like choice of heavy flavour scheme) 
using common platform

● Stable release: xFitter-2.0.0/2.0.1 available at www.xfitter.org
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Introduction to global QCD analysisIntroduction to global QCD analysis
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xFitter super powersxFitter super powers

Choice of input parametrisationChoice of input parametrisation

● HERAPDF/MSTW style
● CTEQ style
● Chebyshev polynomials
● Log-Normal distribution
● Fractal model

Choice of a wide range of data Choice of a wide range of data 

● HERA data
● LHC: ATLAS, CMS, LHCb, 

fixed target
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xFitter super powersxFitter super powers
Various ways of treating experimental Various ways of treating experimental 

systematic uncertaintiessystematic uncertainties
● correlated systematic uncertainties in form of 

correlation matrix or in terms of correlated 
shifts for each systematic source

● used in the χ2 minimisation

Propagation of experimental Propagation of experimental 
errors to PDFs errors to PDFs 

● Hessian method
● nuisance parameters are 

fitted, χ2 tolerance T > 1 can 
also be used to account for 
marginally compatible input 
data sets

● Offset method
● nuisance parameters are 

applied as 1σ shifts
● MC-method

● data points are shifted 
randomly within their 1σ 
limits to form MC replicas. 
this also allows for 
asymmetric uncertainties
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xFitter super powersxFitter super powers

 Estimating, studying and plotting Estimating, studying and plotting 
experimental, model & parameterisation experimental, model & parameterisation 

uncertainties for PDFsuncertainties for PDFs

Comparison of preditions to data Comparison of preditions to data 
and between various PDF setsand between various PDF sets
→ full use of LHAPDF libraries

Eur. Phys. J. C79 (2019) 269Eur. Phys. J. C 75 (2015) 580 

http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3710-4
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xFitter super powersxFitter super powers
Comparison of different theoretical formalismsComparison of different theoretical formalisms

● DGLAP evolution with QCDNUM, QCDRAD, APFEL, QEDEVOL
● Heavy quark schemes

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

● Fixed Flavour Number schemes as used by ABM (FF)

Various schemes tested @ HERA

Eur. Phys. J. C 73 (2013) 2311

Spread for W/Z 
production @ LHC 

reduced significantly 
when optimal charm 

mass  evaluated from 
F2

charm used

http://link.springer.com/article/10.1140/epjc/s10052-013-2311-3
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xFitter super powersxFitter super powers

ZEUS-prel-19-001

Eur. Phys. J. C77 (2017), 459

Integrates tools for fast calculation of Integrates tools for fast calculation of 
(N)NLO cross sections(N)NLO cross sections

● NLO jets
→ FastNLO or ApplGrid interfaced to 

NLOJet++ 
→ NNLO calculations are coming (possible 

now using master version)
● NLO Drell-Yan and W, Z production
→ Applgrid interfaced to MCFM

● NNLO Drell-Yan
→ DYNNLO should be available soon

● HATHOR
→ total top pair and single top up to NNLO 

● FastNLO, MCFM/AppleGrid 
→ differential ttbar or single top cross

sections at NLO or NNLO
● Dipole model
● Diffractive PDFs 

H1prelim-19-041 



  

12

  K. W
ic hm

a nn  @
 L ow - x1 9             P D

F re su lt s f ro m
K. W

ic hm
a nn  @

 L ow - x1 9             P D
F re su lt s f ro m   to p a n d H

F  a t CM
S

to p a n d H
F  a t CM

S

 

xFitter super powersxFitter super powers

● Experimental and theory uncertainties 
taken into account

Quantitative comparison of agreement between data sets Quantitative comparison of agreement between data sets 
 and predictions from various PDFs and predictions from various PDFs

JHEP 08 (2016) 009

● Also NNPDF reweighting method, 
which weights replica PDFs according 
to their goodness of fit is implemented

● Here  data are used to reweight 
NNPDFqed photon

Basis of profiling method for determining 
impact of new data sets on current PDFs
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xFitter super powersxFitter super powers
Profiling techniqueProfiling technique
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Profiling example: CMS jetsProfiling example: CMS jets
● Impact of CMS jet data ay 7 TeV on PDFs

→ CT10 as reference
→ done as exercise for CMS data analysis school 

Phys. Rev. D 87 (2013) 112002

PDFs don't differ much



  

15

  K. W
ic hm

a nn  @
 L ow - x1 9             P D

F re su lt s f ro m
K. W

ic hm
a nn  @

 L ow - x1 9             P D
F re su lt s f ro m   to p a n d H

F  a t CM
S

to p a n d H
F  a t CM

S

 

Experimental uncertaintiesExperimental uncertainties

Profiling very Profiling very 
informative for “new informative for “new 

machine” studiesmachine” studies

Gluon PDF experimental 
uncertainties reduced  
→ as expected
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Results based on xFitterResults based on xFitter

● There are > 78 papers using xFitter 
package

● Talks at this conference (possibly 
more)

● Recent PDF results from top 
and heavy flavour physics at 
CMS (kw)

●  NNLO QCD fits to jets and 
extraction of as (kw)

● Determination of parton 
distribution functions using 
ATLAS data (L. Bellagamba)

● low-x studies → example in this talklow-x studies → example in this talk
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Beautiful example of exploring Beautiful example of exploring 
xFitter super powersxFitter super powers

● HERAPDF-style parameterisation

● HERA low-x low-Q2 data poorly described -  maybe more flexibility 
at low x helps?
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HERAPDF2.0 .vs. NEW parameterisationHERAPDF2.0 .vs. NEW parameterisation

NEW parameterisationNEW parameterisation

4 extra  4 extra  
parameters = 18parameters = 18
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PDFsPDFs

● Most difference in u valence and 
gluon
→ shape agrees with NNPDF3.0

● More rapid decrease of gluon at 
x~0.01 and rise for x < 10-4
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Comparing Comparing cc22

● c2 dropped by 62 units – a lot!

c2 significantly improved with new parameterisation
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Improved description of HERA dataImproved description of HERA data

● Improvement comes mostly from low-Q2 and low-x region
● Theoretical description clearly better
● Impact of log(1/x) terms largest
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Is resummation really needed?Is resummation really needed?
● c2 improvement of the same size as in xFitter small-x resummation paper 

Eur. Phys. J. C78 (2018) 621
● Do we need resummation?
● Add resummation on top of new parameterisation using FONNL HF scheme 

(and a bit different model settings )

Small-x resummation crucial for low-x (HERA/LHC/FCC) phenomenology
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Studies of model and parameterisation uncertaintiesStudies of model and parameterisation uncertainties

● Model uncertainties → varying 
model parameters within 
uncertainties

● Parameterisation uncertainties
● Varying starting scale
● Adding extra parameters

● Model uncertainties added in 
quadrature

● Parameterisation uncertainties – 
envelope taken

● Both added in quadrature to 
experimental uncertainty for 
total PDF errors
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When do you start your When do you start your 
xFitter analysis?... :)xFitter analysis?... :)
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HERA combined DIS data are 
core of every modern PDF 

extraction

● 2927 data points combined 
to 1307

● impressive precision

Eur. Phys. J. C75 (2015), 12, 580

HERA combined inclusive cross sectionsHERA combined inclusive cross sections
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