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HERAFitter - an open source QCD fit framework
and related studies

Ringailė Plačakytė

on behalf of the                   team

Low-x, 17-21 June, Kyoto, Japan

Content:
● Motivation
● HERAFitter project overview
● First HERAFitter Developers publication:      
  PDFs with correlated uncertainties               
  between orders 
● Summary
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PDFs are essential for precision physics at LHC

  PDFs are one of main uncertainties in Higgs production, 
  M

W
 measurement, BSM searches, etc.

Different PDF fitting groups (CT, MSTW, 
NNPDF, HERAPDF, ABM, JR) use different  
data and methodology to extract PDFs 

HERAFitter is an open source QCD fit framework ready to extract PDFs

 

Motivation

→ lead to differences in predicted cross           
    sections

→ can be used to benchmarking and understanding differences in PDFs

→ provides tools to assess impact of new data

www.herafitter.org
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HERAFitter Project

33

www.herafitter.org

Theory

Theory

Theory

https://www.herafitter.org/HERAFitter/HERAFitter/results

HERAFitter is extensively used by different experiments and theory groups
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HERAFitter Structure

44

 A flow diagram of the PDF extraction:

The first HERAFitter stable release (HERAFitter-1.0.0) available since Dec 2013

Theory: 
necessary to have fast tools  

(APPLGRID, FASTNLO)

Data: 
necessary to have 

correlations provided



Ringailė Plačakytė  Low-x, 17-21 June, Kyoto, Japan 

HERAFitter Structure
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Diffractive PDFs

non-DGLAP formalism:

Dipole Models (GBW, IIM, BGK)
   – an alternative approach for the low x region

Unintegrated PDFs 
   – based on CCFM evolution

Jet production (ep, pp, ppbar)
FastNLO and APPLGRID techniques
 - decoupled hard scattering coefficients from 
   PDFs stored on grids

LO calculation x NLO k-factors
APPLGRID technique

Drell-Yan processes (pp, ppbar)

DGLAP formalism:

different schemes of heavy quark treatment
 VFNS: RT (MSTW),  ACOT (CTEQ) 
 FFNS (pole and running mass)

Top pair production
 total ttbar cross sections (differential soon)

DIS inclusive processes in ep and fixed target

LHC

TEVATRON

HERA Fixed 
target

Theory processes available in HERAFitter:
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HERAFitter Structure
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Top pair production
 total ttbar cross sections (differential soon)

Theory processes available in HERAFitter:

LHC

TEVATRON

HERA

Diffractive PDFs

non-DGLAP formalism:

Dipole Models (GBW, IIM, BGK)
   – an alternative approach for the low x region

Unintegrated PDFs 
   – based on CCFM evolution

Jet production (ep, pp, ppbar)
FastNLO and APPLGRID techniques
 - decoupled hard scattering coefficients from 
   PDFs stored on grids

LO calculation x NLO k-factors
APPLGRID technique

Drell-Yan processes (pp, ppbar)

DGLAP formalism:

different schemes of heavy quark treatmen
 VFNS: RT (MSTW),  ACOT (CTEQ) 
 FFNS (pole and running mass)

DIS inclusive processes in ep and fixed target

Fixed 
target

see V. 
Myronenko's 
talk

see A. 
Luszczak's talk
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HERAFitter: Functionality and Tools
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² function
 → nuisance parameters
 → covariance matrix
 → mixed

Various types of uncertainty treatment for data: 
Hessian - error inflation by a tolerance parameter (nuisance) 
to accommodate inconsistencies between data sets

Monte Carlo - MC replica method shifting data cross section 
points randomly within their uncertainties

Tools
→ PDFs in LHAPDF format, drawing tools

Generic minima finding solution tool

Lead PDFs

Offset – correlated sources accommodated in uncertainties

Various forms of parametrisation ansatz
→ HERAPDF,  CTEQ style, Chebyshev,  bi-log normal

Bayesian Reweighting technique
→ a method to study data sensitivity on PDFs without 
fitting the data

Regularisation methods
→ constrain PDFs in a flexible parametrisation style

PDFs sets available in LHAPDF (v5 and v6): 
HERAPDF1.0, HERAPDF1.5, ATLAS-epWZ12, 
LHECNLO(v5)

Examples of plots created with drawing tools:
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Functionality and Tools: Examples
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arXiv:1312.6283

Phys.Lett. B 1089 695, 238,2011

Phys.Rev.Lett.109(2012)012001

arXiv:1402:6263

T i=T i+∑i
r jβij

Both, nuisance (Atlas) and covariance (CMS)  
2 methods were used in the s quark density 
determination at LHC: 

PDF 
parametrisation 
uncertainty study    
at low x 0.1 using 
Chebyshev pol

Tools
→ PDFs in LHAPDF format, drawing tools

Generic minima finding solution tool

Lead PDFs

Various forms of parametrisation ansatz
→ HERAPDF,  CTEQ style, Chebyshev,  bi-log normal

Bayesian Reweighting technique
→ a method to study data sensitivity on PDFs without 
fitting the data

Regularisation methods
→ constrain PDFs in a flexible parametrisation style

² function
 → nuisance parameters:

 → covariance matrix:

 → mixed:

Similar recent ggH 
benchmark studies in 
arXiv:1405.1067 

http://arxiv.org/abs/1312.6283
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Future Developments
The first HERAFitter stable release (HERAFitter-1.0.0) available since Dec 2013
 → many new developments ongoing since then

new and ongoing developments

Initiated the integration process of HERAFitter within HepData
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PDFs at LO, NLO, 
NNLO with correlated 
uncertainties between 
orders

The first HERAFitter Developers Team publication:

NEW

1010

arXiv:1404.4234
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Motivation

1111

Predictions for various processes at LHC are available at different orders in pQCD

 → PDFs and coefficient functions ideally should be paired at the same order

 → Factorisation theorem:

     uncertainties rise from PDFs and coefficient functions

     missing higher order uncertainties often determined by the scale variation 

 Ratios of cross sections are used to reduce theoretical uncertainties:

PDF uncertainties cancel
large scale uncertainty

improved scale uncertainty
No cancellation of PDF uncertainty

PDF uncertainties cancel
improved scale uncertainty
not clear definition in pQCD

PDF uncertainties cancel
improved scale uncertainty

    PDF
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Motivation

1212

Predictions for various processes at LHC are available at different orders in pQCD

 → PDFs and coefficient functions ideally should be paired at the same order

 → Factorisation theorem:

     uncertainties rise from PDFs and coefficient functions

     missing higher order uncertainties often determined by the scale variation 

 Ratios of cross sections are used to reduce theoretical uncertainties:

PDF uncertainties cancel
large scale uncertainty

improved scale uncertainty
No cancellation of PDF uncertainty

PDF uncertainties cancel
improved scale uncertainty
not clear definition in pQCD

PDF uncertainties cancel
improved scale uncertainty

Requires preserved correlations in PDF uncertainties at different orders 

    PDF
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QCD Analysis Settings
A QCD fit to HERA I data (JHEP 1001, 2010, 109) using HERAFitter

arXiv:1404.4234

+ additional constraints  
   and assumptions

Parametrisation:

model and param uncertainties treated correlated between orders

correlation of 2 between orders

1313

Settings LO NLO NNLO

HF scheme TR' opt TR' opt TR' opt

r
s
 (s fraction) 1.0 1.0 1.0

m
c 
(GeV) 1.38 1.38 1.32

m
b 
(GeV) 4.75 4.75 4.75


s 0.13 0.1184 0.1184

Q2

0
 (GeV2) 1.7 1.7 1.7

Q2

min
 (GeV2) 7.5 7.5 7.5

MC replica method used to preserve the correlations:

→ 1337 MC replicas of the data fluctuating the inputs                  
   within uncertainties using Gaussian prob densities

→ perform a consistent fit of PDFs at different orders                   
   to each replica

     central PDF = average over replicas,                                              
     PDF uncertainty = RMS over replicas

→ vary model parameters and 
    parametrisation following     
    HERAPDF prescription        
    (JHEP 1001, 2010, 109)
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Eigenvector Representation
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Eigenvector representation is often more convenient than MC replica

employ the method suggested for extraction of META PDFs (arXiv:1401.0013)

arXiv:1404.4234

→ build the covariance matrix

→ diagonalise matrix and keep only leading eigenvectors

→ evolve tabulated values (central and eigenvectors) using DGLAP evolution

Comparison of PDFs determined with MC 
method and its eigenvector representation

→ very good agreement between PDFs
→ PDFs show high degree of correlation at                    
     neighboring x bins (smoothness of parametrisation)

→ strong correlation between NLO and NNLO PDFs 

Correlation coefficients among PDFs: 
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Comparison to Data: WW/Z ratio
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Used case example: WW/Z ratio measurement from CMS (arXiv:1306.1126)

 → build the cross section ratio using the correlated PDFs

→ predictions agree with the data within 1-2σ

→ the total theoretical uncertainty is reduced by 30-40%

→ mixed-order calculations with correlated PDFs help to reduce PDF and       
    scale uncertainties

PDFs are planned to be released in LHAPDF6: HF14cor*

arXiv:1404.4234
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Summary

HERAFitter project - a multi-functional QCD framework well integrated 
into the high energy community (both, experimental and theory)

→ open to everyone and everyone can contribute
→ first stable release HERAPDF-1.0.0 (Dec 2013)

Sets of LO, NLO and NNLO PDFs with correlated uncertainties at different 
orders were extracted using HERAFitter

1616

herafitter-help@desy.de

arXiv:1404.4234

→ a high degree of correlation was observed for PDFs at different orders and similar x

→ the total theoretical uncertainty is reduced for the mixed-order calculation by 30-40%  
   due to reduced scale uncertainties

mailto:herafitter-help@desy.de
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Back-up slides
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HERAFitter Project
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HERAFitter project is a QCD fit framework ready to extract PDFs 
and assess the impact of new data

www.herafitter.org

 → everyone is welcome to download it and use it

Developers:
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Experimental Data

1919

Eur. Phys. J. C73 (2013) 2311

Combination and QCD Analysis of Charm Production in DIS at HERA

DIS inclusive processes in ep and fixed target

DGLAP formalism:

different schemes of heavy quark treatment
 VFNS: RT (MSTW),  ACOT (CTEQ) 

 FFNS (pole and running mass)

●  various heavy flavour schemes   
   and an impact on DY cross          
  sections at LHC studied

  → possible only with HERAFitter

●  running mass of charm quark      
   determined 
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