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HERA crown jewels:
inclusive cross sections 

K. Wichmann on behalf of H1 and ZEUS Collaborations  

DESY-15-039, accepted by EPJC
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HERA accelerator

Two colliding experiments
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Deep Inelastic Scattering @ HERA

ElectroweakElectroweak

Perturbative Perturbative 
QCDQCD

PDFs PDFs 
at Qat Q00

● Fix pQCD & PDFs
! Test Electroweak 

● Fix Electroweak
! Test pQCD & PDFs

● Fix Electroweak & pQCD
 ! Determine PDFs

See talk of V. Radescu
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H1 and ZEUS published all HERA 
inclusive DIS measurements – 1 fb-1

Now we combine these measurementsNow we combine these measurements

Q2=-q2=- k−k ' 2

x=
Q

2

2p⋅q

Q2= x⋅y⋅ss= pk 2

y=
p⋅q

p⋅kBj

Bj
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Inclusive DIS data samples

● 41 final data sets with HERA inclusive measurements
● NCep and CCep

● 21 HERA I data samples
● 20 HERA II data samples, including:

– 8 inclusive HERA II Ep = 920 GeV

– 4 high y data Ep = 920 GeV

– 4 high y data Ep = 575 GeV

– 4 high y data Ep = 460 GeV

● Data 1994-2007: over 10 years of data taking!
● 22 papers between 1997-2015: almost 20 years of data analysis!

±
±

±
±

Total of 2927 data points combined to 1307
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First FFirst F22 measurements @ HERA: 1993 measurements @ HERA: 1993
~20 nb~20 nb-1-1 → 1 fb → 1 fb-1-1

August 25th                                     August 13th 
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Full publication list

DESY-15-039 
arXive: 1506.06042
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Q2-xBj common grids

Two separate grids
         

      inclusive grid, for Ep= 920 GeV 

      and Ep= 820 GeV data sets

fine-xBj grid, for Ep= 575 GeV   

        and Ep= 460 GeV data sets

● 1307 grid points

● 0.045 < Q2 < 50000 GeV2

● 6x10-07 < xBj < 0.65
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Swimming procedure

● Swimming factors are usually at level of few %

Example point: CC e-p Ep= 920 GeV

swimming

Q2, GeV2

x

530

500

0.013 0.015

combined point

ZEUS HERA II

ZEUS HERA I

H1 HERA II

H1 HERA I

Bj

● Swimming done iteratively using our own data & 
● 1st iteration uncombined HERAI+II data, later - combined data

3.00 4.9 30000.0 Q2
DGLAP NLO

Fractal fit

herafitter.org
arxive:1503.05221
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Averaging procedure
● Combination done using HERAverager: wiki-zeuthen.desy.de/HERAverager

● 162 correlated systematic sources taken into account
● Results

● 7 data samples for e±p, NC and CC, 3 CMEs
– Available at https://www.desy.de/h1zeus/inclusive/herapdf20/

● Statistical and uncorrelated systematic uncertainties
● 162 correlated statistical uncertainties
● 7 procedural  uncertainties calculated → see additional material
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Averaging results

Good data consistency: c2/dof = 1687/1620
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Impressive amount of data points combined

● 2927 data points combined 
to 1307

● Up to 6-8 data points 
combined to 1
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Improved precision

● Largest and most accurate data sample is for the NC e+p process
● The combined data accuracy reaches ∼ 1%

● Largest improvement for NC e-p – 10 times more luminosity
● Consistent with HERA-I + improved uncertainties
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Improving previous results

Great gain in precision

● increases statistical significance
● reduces systematic uncertainties via cross 

calibration techniques

2001 2015
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New kinematic ranges explored

● Kinematic range extended for 
existing data samples

● Low energies added: CME = 225 
GeV and 251 GeV
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Low Q2 combined data

● Combined inclusive cross 
sections for low Q2

● Available for two CMEs
● 300 GeV
● 318 GeV

● Interesting for
●  dipole/saturation models
● studying higher twists



  

                       K. W
ic hm

a nn , P D
F4 LH

C : 2 7 .1 0.1 5 , H
E RA

 c ro w n j ew e ls
    

 

17

High Q2 combined data: 
insight into proton structure

● Inclusive measurements from Inclusive measurements from 
HERA are core of every parton HERA are core of every parton 
density extractiondensity extraction

→ HERA inclusive data – exclusively! - 
used as input to global QCD fit 

HERAPDF2.0
● Dedicated talk of V. Radescu
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Neutral Current

Proton structure functions

● Sensitive to quarks

● Sensitive to valence distributions

F
L
 ~ a

S
 x g

● Sensitive to gluon

● Gluon also from scaling violation and 
charm+jet data
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Charge Current: flavor decomposition
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HERAHERA
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Electroweak unification

Fantastic precision 
of HERA final data



  

                       K. W
ic hm

a nn , P D
F4 LH

C : 2 7 .1 0.1 5 , H
E RA

 c ro w n j ew e ls
    

 

22

@ high x

Text book plots of fundamental properties of particle interactions

@ low x

@ moderate x
QCD scalingQCD scaling

2015 Wolf prize for 
J. Bjorken!

QCD scaling and scaling violation
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First → Final
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As expected: low-x rise of F2
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1993 → 2015
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@ high Q2

electron-proton
positron-proton

Electroweak effects
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xF3
gZ from combined data

● xF3
gZ from subtracting the NC e+p from the NC e−p cross sections

● Weak Q2 dependence → translated to Q2 = 1000 GeV2 and averaged

● Good agreements 
      with predictions

● Integrated over x:

0.016 < xBj < 0.725 

0 < xBj < 1 
QPM: 5/3 {
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CC: helicity effects

● e+p: dV quarks are suppressed 
at high Q2

● e-p: helicity factor applies to 
sea quarks only
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HERA Summary

● Combined HERA data set 
provides ultimate sample for 
inclusive NC and CC cross section 
studies in wide kinematic range

● Low Q2 data → additional 
checks of QCD calculations

● Plethora of beautiful physics in 
inclusive DIS measurements

● Core of every PDF exctraction

HERA legacy of almost 25 years of 
activity
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Additional slides
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https://www.herafitter.orghttps://www.herafitter.org
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Procedural uncertainties

● Combination done using HERAverager: wiki-zeuthen.desy.de/HERAverager

● 162 correlated systematic sources taken into account
● treated as multiplicative

● Procedural errors calculated
● multiplicative vs additive
● possible correlations between data sets 

             (H1/ZEUS, HERAI/HERAII)
– photoproduction background
– hadronic energy scale 

● connected with large pulls in combination
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