
HERAFitter tutorial
PDF determination using LHC data 

Voica Radescu

This tutorial:!
!

how to use HERAFitter with external predictions!
how to use HERAFitter with in-built theory predictions!
how to check impact of new data on PDFs:!

valence quarks: W asymmetry!
light quarks: W, Z data!
gluon: jet, top data!

Summary!
!

!
Prerequisites:!
-> herafitter, qcdnum, (lhapdf) and applgrid installed!
-> all export paths defined (usually stored in setup.txt)!



Fixed!
Target

Proton Structure Measurements

LHC

HERA

Tevatron

  The cleanest way to probe Proton Structure is      
via Deep Inelastic Scattering:  

  ▶  Neutrinos, muons, electrons                     

  Precision of PDFs can be complemented by the      
Drell Yan 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: 2

JLAB

x

2

—> see tutorial by H. Pirumov
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LHC measurements from RUN1
Successful run in 2010 - 2012 at the LHC confirmed and tested SM 
!
!
!
!
!
!
!
!
!
!
!

3

LHC can provide with its 
multitude of new measurements: 
!
• PDF discrimination by 
confronting theory with data 
• PDF improvement  by using 
LHC data in QCD fit

1. W and Z production 
2. W+c production 
3. Drell-Yan: low and high invariant mass 
4. Inclusive Jet, Di-Jet and Tri-jet production 
5. Prompt Photon + Jets  
6. Top, ttbar 

—> see A. Cooper-Sarkar’s lecture
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Data vs QCD predictions
We measure in order to confront theory with measurement: 

example: Low and High Mass DY (ATLAS), W,Z inclusive (ATLAS), W asymmetry (CMS), inclusive jets … 
data is compared to various theoretical predictions, most of the time very much computationally time 
consuming (FEWZ, DYNNLO, POWHEG, MCFM)  

!
!
!
!

4



Use of External  
Predictions
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Data vs QCD predictions: hands on example
We measure in order to confront theory with measurement: 

example: Low Mass DY ATLAS data http://arxiv.org/abs/arXiv:1404.1212!

!
!
!
!
!

6

One needs NNLO  
calculation to 
describe data
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Exercise: Use of external predictions
HERAFitter can estimate quantitatively level of agreement between data and theory 
using external to HERAFitter predictions, but taking properly into account all the 
correlations (experimental or theoretical): 

         
                      

7

> wget http://www.desy.de/~voica/LM_PDFschool.tgz  
> tar -xzvf LM_PDFschool.tgz.tgz 
    dy_lowmass_nominal.dat         
!
     theo_powheg_nlo_nll.dat        
    theo_fewz_nlo.dat         
    theo_fewz_nnlo.dat         
!
             
    kf.nominal.NNLO-NLOEW.txt         
      kf.nominal.PI.txt         
      kf.nominal.scheme.txt       
      low_fidu.root        
> cp LowMass_school/dy_lowmass_nominal.dat datafiles/. 
> cp LowMass_school/theo* . 
> cp LowMass_school/kf* theoryfiles/. 
> cp LowMass_school/low_fidu.root theoryfiles/.

—> external theory predictions
—> data format: bins, sigma, correlations

in herafitter directory: 

-> accounts also for theory uncertainties
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HERAFitter can estimate quantitatively level of agreement between data and theory 
using external to HERAFitter predictions, but taking properly into account all the 
correlations (experimental or theoretical): 

         
                      

> wget http://www.desy.de/~voica/LM_PDFschool.tgz  
> tar -xzvf LM_PDFschool.tgz 
    dy_lowmass_nominal.dat         
!
     theo_powheg_nlo_nll.dat        
    theo_fewz_nlo.dat         
    theo_fewz_nnlo.dat         
!
            

Use of external predictions:

8

—> external theory predictions

—> internal theory predictions

—> data format: bins, sigma, correlations

# of data points

each correlated systematic source with its identifier tag name

A: applgrid (here interfaced to MCFM, NLO)  
K: kfactors  
TheoExpr: ->adjusted to match the theory 
one wants to build

how to read the uncertainties: in % (T) or absolute (F)
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Use of external predictions:
HERAFitter can estimate quantitatively level of agreement between data and theory using 
external to HERAFitter predictions, but taking properly into account all the correlations 
(experimental or theoretical): 
In steering.txt, add the following lines: 
!                                  !!!!!!!!!!!!!!!!!!!!!!!!!!! !
 make clean 
 ./configure --enable-applgrid  ! not necessary to have it for this exercise 
 make && make install 
 bin/FitPDF > powheg.log 9

 &InFiles 
  ! Number of intput files 
    NInputFiles = 1 
    InputFileNames(1) = ‘datafiles/dy_lowmass_nominal.dat’ 
  !  InputFileNames(1) = 'datafiles/hera/H1ZEUS_NC_e-p_HERA1.0.dat' 
  !  InputFileNames(2) = 'datafiles/hera/H1ZEUS_NC_e+p_HERA1.0.dat' 
  !  InputFileNames(3) = 'datafiles/hera/H1ZEUS_CC_e-p_HERA1.0.dat' 
  !  InputFileNames(4) = 'datafiles/hera/H1ZEUS_CC_e+p_HERA1.0.dat' 
 &End 

&InTheory 
   InputTheoNames(1) = 'theo_powheg_nlo_nll.dat' 
!InputTheoNames(1) = 'theo_fewz_nlo.dat' 
!InputTheoNames(1) = 'theo_fewz_nnlo.dat' 
&End 
!   CHI2SettingsName = 'StatScale', 'UncorSysScale', 'CorSysScale', 'UncorChi2Type', 'CorChi2Type' 

   Chi2Settings     = 'Poisson'  , 'Linear',        'Linear'     , 'Diagonal'     , 'Hessian' 
   Chi2ExtraParam = 'PoissonCorr'
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Use of external predictions: output
> bin/FitPDF   
!
!
!
!
!
!
!
!
!
>ls output  
Results.txt        lhapdf.block.txt  parsout_0          pdfs_q2val_02.txt  pdfs_q2val_05.txt  pulls.last.txt 
fittedresults.txt  minuit.out.txt    parsout_1          pdfs_q2val_03.txt  pdfs_q2val_06.txt 
herapdf            minuit.save.txt   pdfs_q2val_01.txt  pdfs_q2val_04.txt  pulls.first.txt !
> bin/DrawPdfs --no-pdfs --3panels output 

10

For more options: bin/DrawPdfs - - help

Ignore these, in this case dof = number of points, however HERAFitter sees the minuit file and counts these as free parameters 
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Use of external predictions: output
> bin/FitPDF   
!
!
!
!
!
!
!
!
!
>ls output  
Results.txt        lhapdf.block.txt  parsout_0          pdfs_q2val_02.txt  pdfs_q2val_05.txt  pulls.last.txt 
fittedresults.txt  minuit.out.txt    parsout_1          pdfs_q2val_03.txt  pdfs_q2val_06.txt 
herapdf            minuit.save.txt   pdfs_q2val_01.txt  pdfs_q2val_04.txt  pulls.first.txt !
> bin/DrawPdfs --no-pdfs --therr --3panels output
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For more options: bin/DrawPdfs —help
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Use of external predictions: output
> bin/FitPDF  
!
!
!
!
!
!
!
!
!
>ls output  
Results.txt        lhapdf.block.txt  parsout_0          pdfs_q2val_02.txt  pdfs_q2val_05.txt  pulls.last.txt 
fittedresults.txt  minuit.out.txt    parsout_1          pdfs_q2val_03.txt  pdfs_q2val_06.txt 
herapdf            minuit.save.txt   pdfs_q2val_01.txt  pdfs_q2val_04.txt  pulls.first.txt !
> bin/DrawPdfs --no-pdfs --therr --3panels output

12

For more options: bin/DrawPdfs —help
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Use of external predictions: output
> bin/FitPDF > powheg.log  
!
!
!
!
!
!
!
!
!
>ls output  
Results.txt        lhapdf.block.txt  parsout_0          pdfs_q2val_02.txt  pdfs_q2val_05.txt  pulls.last.txt 
fittedresults.txt  minuit.out.txt    parsout_1          pdfs_q2val_03.txt  pdfs_q2val_06.txt 
herapdf            minuit.save.txt   pdfs_q2val_01.txt  pdfs_q2val_04.txt  pulls.first.txt !
> bin/DrawPdfs --no-pdfs --therr --3panels output 
!
Homework:!

re-run now for FEWZ NLO and NNLO and check if you can reach the paper conclusions 
Hint: adjust the steering.txt and save your outputs into separate directories, draw all 3 
cases with 
!

>bin/DrawPdfs --no-pdfs --therr output1:POWHEG-NLO output2:FEWZ_NLO output3:FEWZ_NNLO

13



PDF from QCD fits
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Extraction of PDFs through QCD fits
Typical measurements sensitive to PDFs are precise, with statistical uncertainties < 10%, so they 
follow normal distribution which allows the use of chi square minimisation for PDF extraction. 

15

Main Steps: 
!

Parametrise PDFs at 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 

www.herafitter.org



Building Internal  
Predictions 

-> rely on factorisation theorem

M.Ubiali, ISMD2014

!
HERAFitter contains already some ready-to-use files for QCD Fit analyses (datafiles and theoryfiles): 
-> ATLAS: WZ2010, Jets2010_7TeV, Jets2010_2p76TeV, ttbar_7TeV, .. 
-> CMS: CMS_mAsymmetry, CMS_eAsymmetry, CMS_Z_boson_Rapidity, … 
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Building internal predictions for QCD fits @NLO
We learned that we rely on factorisation theorem to simplify our problems: 

Fast techniques developed: fastNLO, APPLGRID, k-factors …  that help speeding up 
the calculation process: 

in the fit we deal with ~2000 iterations 
HERAFitter can provide within 15min first feedback on the general tendency/impact of data  

For NLO QCD predictions: we often rely on APPLGRID or fastNLO (a matter of choice)!
EX: CMS W asymmetry:  
!
!
!
!
!
!
!
!

17

> less datafiles/lhc/cms/CMS_mAsymmetry_SMP_12_021.dat 

Theoretically,  the prediction is build from 2 applgrid files 
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Building internal predictions for QCD fits @NLO
We learned that we rely on factorisation theorem to simplify our problems: 

Fast techniques developed: fastNLO, APPLGRID, k-factors …  that help speeding up 
the calculation process: 

in the fit we deal with ~2000 iterations 
HERAFitter can provide within 15min first feedback on the general tendency/impact of data  

For NLO QCD predictions: we often rely on APPLGRID or fastNLO (a matter of choice)!
EX: CMS W asymmetry:  
Adjust the steering.txt file: 
!
!
!
!
!
!
!
!
!
!
Adjust the minuit.in.txt file: 

18

&InFiles 
  ! Number of intput files 
    NInputFiles = 5 
  
  ! Input files: 
    InputFileNames(1) = 'datafiles/hera/H1ZEUS_NC_e-p_HERA1.0.dat' 
    InputFileNames(2) = 'datafiles/hera/H1ZEUS_NC_e+p_HERA1.0.dat' 
    InputFileNames(3) = 'datafiles/hera/H1ZEUS_CC_e-p_HERA1.0.dat' 
    InputFileNames(4) = 'datafiles/hera/H1ZEUS_CC_e+p_HERA1.0.dat' 
    InputFileNames(5) = 'datafiles/lhc/cms/CMS_mAsymmetry_SMP_12_021.dat' 
&End !
&InCorr 
  ! Number of correlation (statistical, systematical or full) files 
    NCorrFiles = 1 
    CorrFileNames(1)= 'datafiles/lhc/cms/CMS_mAsymmetry_SMP_12_021___CMS_mAsymmetry_SMP_12_021.corr'  
&End

The file comes with correlated matrix information  

*set print 3 
*call fcn 3 
migrad 200000 
*hesse 
set print 3 —> this way we allow to have up to 200000 calls for fit  to converge
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Building internal predictions for QCD fits @NLO
We learned that we rely on factorisation theorem to simplify our problems: 

Fast techniques developed: fastNLO, APPLGRID, k-factors …  that help speeding up 
the calculation process: 

in the fit we deal with ~2000 iterations 
HERAFitter can provide within 15min first feedback on the general tendency/impact of data  

For NLO QCD predictions: we often rely on APPLGRID or fastNLO (a matter of choice)!
EX: CMS W asymmetry:  
Adjust the steering.txt file: 
!
!
!
!
!
!
!
!

19

&InFiles 
  ! Number of intput files 
    NInputFiles = 5 
  
  ! Input files: 
    InputFileNames(1) = 'datafiles/hera/H1ZEUS_NC_e-p_HERA1.0.dat' 
    InputFileNames(2) = 'datafiles/hera/H1ZEUS_NC_e+p_HERA1.0.dat' 
    InputFileNames(3) = 'datafiles/hera/H1ZEUS_CC_e-p_HERA1.0.dat' 
    InputFileNames(4) = 'datafiles/hera/H1ZEUS_CC_e+p_HERA1.0.dat' 
    InputFileNames(5) = 'datafiles/lhc/cms/CMS_mAsymmetry_SMP_12_021.dat' 
&End !
&InCorr 
  ! Number of correlation (statistical, systematical or full) files 
    NCorrFiles = 1 
    CorrFileNames(1)= 'datafiles/lhc/cms/CMS_mAsymmetry_SMP_12_021___CMS_mAsymmetry_SMP_12_021.corr'  
&End

The file comes with correlated matrix information  

see R. Placakyte’s tutorial for more info
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Exercise: 
Save your previous output into a reference file: 

for today we use RT FAST scheme: 
!
!
!
!
!
!
!
Homework:!

A. Can you obtain a better fit by adding more free parameters. Hint: adjust 
this in the minuit.in.txt by releasing extra gluon, Ddv, Duv.. 

!

20

> mv output Ref 
> mkdir output 
> bin/FitPDF 
> less output/Results.txt

! be aware RT FAST is a shortcut option only to guide your intuition
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Building internal predictions for QCD fits @ NNLO
For NNLO QCD predictions: we apply k-factors = [NNLO_fewz/NLO_fewz] * NLO_GRID(i) 

caveat: NLO EW corrections are also non-negligible: 
      kfactors_EW = NLO_EW/NLO_noEW or NNLO_EW_fewz/NLO_noEW_fewz!                 
 EX: ATLAS W+, W-, Z inclusive differential measurements (2010)

21

> less datafiles/lhc/atlas/WZ2010/WP_applgrid_nnlo.dat: 
> pico -w steering.txt: 
!
&InFiles 
  ! Number of input files 
    NInputFiles = 7 !
  ! Input files: 
    InputFileNames(1) = 'datafiles/hera/H1ZEUS_NC_e-p_HERA1.0.dat' 
    InputFileNames(2) = 'datafiles/hera/H1ZEUS_NC_e+p_HERA1.0.dat' 
    InputFileNames(3) = 'datafiles/hera/H1ZEUS_CC_e-p_HERA1.0.dat' 
    InputFileNames(4) = 'datafiles/hera/H1ZEUS_CC_e+p_HERA1.0.dat' 
    InputFileNames(5) = 'datafiles/lhc/atlas/WZ2010/WP_applgrid_nnlo.dat' 
    InputFileNames(6) = 'datafiles/lhc/atlas/WZ2010/WM_applgrid_nnlo.dat' 
    InputFileNames(7) = 'datafiles/lhc/atlas/WZ2010/Z0_applgrid_nnlo.dat' !
&End !
&Scales 
    DataSetMuR  = 4*1.0     ! Set muR scale to 1 for all 4 datasets 
    DataSetMuF  = 4*1.0     ! Set muF scale to 1 for all 4 datasets 
    DataSetIOrder = 4*3, 5*2 
&End !
  Order  = 'NNLO'     
 HF_SCHEME = 'RT FAST'

bin1 bin2         kfactor (NNLO/NLO)
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Releasing assumptions:
In addition … 
HERA data can not provide flavour decomposition of the sea quarks, hence some 
assumptions are imposed in the default settings of the HERAFitter: 
check your steering.txt: 
!
!
!
!
!
!
!
!
This is what we parametrise and assume:

22

&ExtraMinimisationParameters 
   name  = 'alphas',   'fs',   'fcharm' 
   value =  0.1176 ,   0.31,      0. 
   step  =  0.0    ,   0.0 ,      0.      
! set to 0 to avoid minimisation  
&End 

&ExtraMinimisationParameters 
   name  = 'alphas',   'rs',   'fcharm' 
   value =  0.1176 ,   0.5,      0. 
   step  =  0.0    ,   0.1 ,      0.      
! set to 0 to avoid minimisation  
&End 

LHC data

in minuit.in.txt: 
  83   'Cstr' 1.  0.1
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Releasing assumptions exercise:
!
Adjust minuit so it can minimise (for today use RT FAST) 
Run a job with rs fixed                                                   Run a job with rs free

23

> cp input_steering/minuit.in.txt.13pHERAPDF minuit.in.txt 

!
&ExtraMinimisationParameters 
   name  = 'alphas',   'rs',   'fcharm' 
   value =  0.1176 ,   0.5,      0. 
   step  =  0.0    ,   0.0 ,      0.      
! set to 0 to avoid minimisation  
&End 

!
> bin/FitPDF 
> mv outupt output.rsfixed

!
&ExtraMinimisationParameters 
   name  = 'alphas',   'rs',   'fcharm' 
   value =  0.1176 ,   0.5,      0. 
   step  =  0.0    ,   0.1 ,      0.      
! set to 0 to avoid minimisation  
&End 

!
> bin/FitPDF 
> mv output output.rsfree
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Releasing assumptions exercise: Results
!
Adjust minuit so it can minimise (for today use RT FAST) 
Run a job with rs fixed                                                   Run a job with rs free

24

> cp input_steering/minuit.in.txt.13pHERAPDF minuit.in.txt 

bin/DrawPdfs output.rsfixed output.rsfree 
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How to assess the impact of a new data
Check your data against predictions based on different PDFs (CT10, MSTW08_CPdeut, 
NNPDF3.0, HERAPDF1.5, ABM12), if any deviation/tension with some of the set can be observed, 
then data could bring constraining power to help PDFs to converge. 
!
Decide on your reference set: 

usually we choose HERA data  —> consistent data set, free of corrections 
run fits with DOBANDS=TRUE  —> Hessian Errors 
save the output directory (remember the settings!) 

Add your new data files: 
run under exactly same conditions with DOBANDS=TRUE 
save the output directory 

use Drawing tools to visualise the results:  
!

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

• one can also use MC method (see H. Pirumov’s tutorial)25

> bin/DrawPdfs --bands --absolute-errors ref CMS

Here i saved the outputs from CMS and HERA I
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Summary …
HERAFitter is a versatile package  

once installed and linked to all external dependencies if needed 
It can be used with external predictions to quantitatively assess level of agreement 
between data and theory by taking into account all sources of provided uncertainties 
!
It can be used to test the impact of new measurements and study PDF discrimination 
and PDF improvement 
It can fit or test sensitivity to other QCD parameters: alphas, heavy quark masses 
!
!
More features can be added, for that your feedback is needed …  you have a break to 
think of what we could further improve (physics cases, user friendliness).. 
!
!
for any question, feel free to contact your tutors, or just send us e-mail at  

herafitter-help@desy.de!
!
!

THANK YOU

26


