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Legacy of DESY:
❖ Role of DESY (wikipedia):!

!
!
!
!

❖ On 1st of January 1964 fundamental research at DESY has started:!
❖ The first electrons were accelerated in the synchrotron and brought valuable contribution to 

the validation of Quantum ElectroDynamics.!
❖ DORIS (Doppel-Ring-Speicher, "double-ring storage"), built between 1969 and 1974:!

❖ an important contribution to the process of proving the existence of heavy quarks  
(ARGUS: beauty + first indication of heavy top mass)!

❖ PETRA (Positron-Elektron-Tandem-Ring-Anlage),  built between 1975 and 1978:!
❖ The discovery of the gluon in 1979 is counted as one of the biggest successes.!

❖ HERA (Hadron-Elektron-Ring-Anlage, "Hadron Electron Ring Facility”),  start built 1984!
❖ the first two experiments started taking data in 1992.!
❖ mainly used to study the structure of protons and the properties of quarks!
❖ crucial input for the recent discovery of the Higgs at the LHC!

!
—> DESY represents an ideal site to continue the fundamental research on 

proton structure 
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Factorisation theorem:!

Cross section can be calculated by convoluting short distance partonic reactions (calculable in 
pQCD) with Parton Distribution Functions (PDFs):!

!
!

PDFs cannot be calculated in perturbative QCD, however they are process independent 
(universal) and their evolution with the scale is predicted by pQCD:

Why do we still need to care about PDFs?
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Discovery of new exciting physics relies on precise knowledge of proton structure.
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Factorisation theorem:!

Cross section can be calculated by convoluting short distance partonic reactions (calculable in 
pQCD) with Parton Distribution Functions (PDFs):!

!
!

PDFs cannot be calculated in perturbative QCD, however they are process independent 
(universal) and their evolution with the scale is predicted by pQCD

Why do we still need to care about PDFs?

! - PDFs are one of the main theory uncertainties in Mw measurement!
       ! - PDFs are one of main theory uncertainties in Higgs production. 

GFitter	



ATLAS-CONF-2014-009

!
Theory:!

~ 7-8 % PDF and αs ;!
~ 7-8 % scale

Discovery of new exciting physics relies on precise knowledge of proton structure.
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Fixed!
Target

Proton Structure Measurements

LHC

HERA

Tevatron

! ! The cleanest way to probe Proton Structure is via       
Deep Inelastic Scattering [DIS]: !

! ! ▶  Neutrinos, muons, electrons                       

! ! Precision of PDFs can be complemented by the       
Drell Yan [DY] processes at the collider 
experiments - [Tevatron and LHC] !

—> probes linear combination !
        of quarks

—> can provide flavour separation!
   and more insight into gluons !

—> probes bilinear combination of!
       quarks

Different data constrain different parton combinations at different x, evolution 
with the scale is predicted by pQCD:!

JLAB

x
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HERAFitter Project: www.herafitter.org
❖ HERAFitter Project was initiated in 2011 (presented from its early stages at the DESY PRC) as a 

necessity to transfer the legacy and expertise on proton structure from HERA to LHC:!
❖ a unique open source QCD Fit Platform: !

!
!
!
!
!
!
!
!
!
!
!
!

❖ HERAFitter:!
❖ provides a unique QCD framework to address theoretical differences!
❖ provides means to the experimentalists to optimise the measurement and 

assess impact/consistency of new data

Pool of HERAFitter developers:

Originally from the H1 and ZEUS 
collaborations and now extended to the 
LHC experiments and theory groups: !

DESY plays a leading role
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HERAFitter Project: www.herafitter.org
❖ HERAFitter Project was initiated in 2011 (presented from its early stages at the DESY PRC) as a 

necessity to transfer the legacy and expertise on proton structure from HERA to LHC:!
❖ a unique open source QCD Fit Platform: !

!
!
!
!
!
!
!
!
!
!
!
!

❖ HERAFitter:!
❖ provides a unique QCD framework to address theoretical differences!
❖ provides means to the experimentalists to optimise the measurement and 

assess impact/consistency of new data

List of releases:
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Extraction of PDFs through QCD fits
Measurements sensitive to PDFs are precise, with statistical uncertainties < 10%,  
they follow normal distribution which allows the use of chi square minimisation for 
PDF extraction.!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Main Steps:!
!

Parametrise PDFs at the starting scale!
Evolve to the scale corresponding to 
data point !
Calculate the cross section!
Compare with data via chi2!
Minimize chi2 with respect to PDF 
parameters!
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HERAFitter Program at glance
❖ HERAFitter code is a combination of C++ and Fortran 77 libraries with minimal 

dependencies and modular structure with interface to external packages:!
❖ QCDNUM, APPLGRID, FASTNLO, ACOT, TR’, OPENQCDRAD, TMD, HATHOR
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New Results from HERAFitter (2014)
❖ Research activities in HERAFitter are steered by demands of the users!
❖ In 2014, HERAFitter has been used in ~11 publications (~21 overall):!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

❖ New, herafitter-1.1.0, package was recently released

9%
17%

17%
17%

39%
LHC
HERA
Theory
Other
HERAFitter

Overall distribution:!
(of all publications) 
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Quantitative assessment
❖ HERAFitter program can be used with external predictions (i.e. not built-in) to quantify 

the  level of agreement when confronting theory with measurements, taking into 
account all sources of provided uncertainties (either exp. or th. like PDFs, scale)!

❖ Applied recent examples: !
❖ Low Mass DY (ATLAS) data [arXiv:1404.1212]!

!
!
!

!
❖ t-channel single top-quark production cross sections (ATLAS) [arXiv:1406.7844]

—> conclusion NNLO is needed to describe data
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HERAPDF2.0prel with HERAFitter
HERA has finalised its separate measurements relevant to PDFs and  there are 
ongoing efforts on combining final measurements to reach their ultimate precision:!
❖ ! HERAFitter is used to extract PDFs, mc, mb, alphas …

[see H. Pirumov’s  talk]
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❖ The value of the running beauty mass is obtained using HERAFitter (via OPENQCDRAD):!
❖ chi2 scan method from QCD fits in FFN scheme to the combined HERA I inclusive data + 

beauty measurements, beauty-quark mass is defined in the MS scheme.

Running beauty mass from F2b 

The extracted MS beauty-quark mass is in agreement with PDG 
average and LEP results.

QCD Fits 
HERA I+beauty
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Transverse Momentum Distributions
❖ QCD applications to multiple-scale scattering problems and complex final-state observables require in 

general formulations of factorisation which involve transverse-momentum dependent (TMD) - or known 
also as unintegrated PDFs.!
!
!
!

❖ Fits to combined measurements of proton's structure functions from HERA using transverse momentum 
dependent QCD factorisation and CCFM evolution is performed using HERAFitter platform!
!
!
!
!
!
!
!
!
!
!

❖ The extracted gluon TMD with experimental and theory uncertainty [JH-2013-set1] is then used as 
prediction to vector  boson+jet production process at the LHC!
❖ This process is important both for SM physics and for new physics searches at the LHC!
❖ Results compare well with the measurements  of jet multiplicities and transverse momentum spectra 

within the pdf uncertainties
14

a convolution in both longitudinal!
 and transverse momenta of TMD with!

 off-shell partonic matrix elements 

[Phys. Rev. D 85 (2012) 092002.]

[Nucl. Phys. B 883, 1]

[PLB736:293, 2014.]
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QCD interpretation of W production at CMS
❖ Impact on valence PDFs from W asymmetry is investigated within the HERAFitter 

framework through a QCD fit analysis !
!
!
!
!
!
!
!

❖ In addition, W+charm data provides direct sensitivity to the strange quark
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HERAFitter in the ggH benchmark studies
❖ Efforts in reducing the PDF uncertainties arising from discrepancy between PDF groups:!

❖ Benchmark comparisons of NNLO neutral current DIS cross sections (Exercise on HERA-I only data)!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
❖ predictions from MSTW, CT, NNPDF and HERAPDF all consistent within PDF uncertainties!
❖ however the tendency among NNPDF, MSTW and CT is maintained !

❖ Next step: !
❖ continue this exercise by adding additional experimental data sets into the PDF fits sequentially:!
❖ benchmarking the theoretical predictions used by each group for the different observables -!
❖ ==> HERAFitter will continue to participate in these studies.

arxiv:1405.1067 gluon PDF from HERA-I only fits

based on recently published NNLO PDFs. based on HERA-I only fits
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HERAFitter Paper
❖ Ratios of cross sections are used to reduce common uncertainties, however the theoretical 

calculations sometimes are not available at the same order of accuracy in pQCD!
!
!
!
!
!

❖ HERAFitter provides possibility to account for correlations between PDFs at different 
orders which can lead to reduction of overall theoretical uncertainties:!
!
!
!
!
!
!
!
!
!

❖ mixed-order calculations with correlated PDFs help to reduce PDF and scale uncertainties!
❖  total theoretical uncertainty is reduced by 30-40% 
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Summary
❖ HERAFitter project, with it’s main expertise at 

DESY, is a multi-functional open source QCD 
software package that provides a framework for 
scrupulous interpretations of the QCD analyses.!

www.herafitter.org!
herafitter-1.1.0 latest release!

!
❖ Steady developments which encode results from a 

wide range of experimental data in ep, pp, ppbar 
complemented with a variety of theoretical 9 

options for calculating PDF-dependent cross 
section predictions.!
!
!

❖ The further progress of HERAFitter is driven by 
the latest  QCD advances in theoretical calculations 
and in the preci sion of experimental data. !
!
!
!
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HERAFitter Program at glance
❖ HERAFitter code is a combination of C++ and Fortran 77 libraries with minimal dependencies and 

modular structure with interface to external packages:!
❖ QCDNUM for evolution of PDFs!

❖ DIS inclusive processes in ep and fixed target!
❖ Different schemes of heavy quark treatment!

❖ VFNS, FFNS: !
❖ OPENQCDRAD  (ABM)!
❖ TR’ (MSTW)!
❖ ACOT (CT)!

❖ Diffractive PDFs!
❖ Dipole Models!
❖ Unintegrated PDFs (TMDs)!

❖ Jet production (ep, pp, ppbar)!
❖ FastNLO and APPLGRID techniques!

❖ Drell-Yan processes (pp, ppbar)!
❖ LO calculation x NLO k-factors!
❖ APPLGRID technique!

❖ Top pair production!
❖ total inclusive ttbar cross sections (HATHOR)!
❖ differential (DiffTop approx NNLO via fastNLO grids)!

!
!
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