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Competition:
H1 and Zeus at HERA

K. Wichmann 
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Complementarity:
H1 and Zeus at HERA

K. Wichmann 
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Complementarity – the obvious:
cross checks
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Expected:Expected:
First FFirst F22 measurements @ HERA: 1993 measurements @ HERA: 1993

August 25th                                     August 13th 
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Unexpected: diffraction at HERA

July 1993

July 1993
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Unexpected: diffraction at HERA

July 1994
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Unconfirmed: HERA Pentaquark frenzy 2004/5
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Unconfirmed: HERA Pentaquark frenzy 2004/5

Pentaquark Pentaquark 
signals not signals not 
confirmed.confirmed.
Also not in Also not in 

HERAII dataHERAII data
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Complementarity - the detectors

H1 and ZEUS detectors complementary 
→ by chance …

EIC has a chance to do it on purpose :)EIC has a chance to do it on purpose :)
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Detectors strengths

● H1 better at electron 
reconstruction due to EM 
calorimeter and detector design

● At HERAII → only forward 
detectors for diffraction

● ZEUS better at hadron 
calorimetry → compensating 
uranium calorimeter → the only 
so far and one of the best 
calorimeters ever built

● Both detectors → almost fully hermetic multipurpose HEP detectors
● Design differences turned out to give complementarity – by chance
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Real Z0 @ ZEUS
● ZEUS calorimeter allowed 

measurement of smallest HERA cross 
section in hadronic decays of real Z0

● ZEUS calorimeter resolution 
factor of two better than ATLAS 
or CMS in similar events
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Diffraction @ 
HERAII

Diffractive dijet production with leading 
proton at H1

● Measurements in DIS and 
photoproduction for various variables

● Comparison to NLO calculation with 
assumed factorisation in diffraction

● Observation of diffractive factorisation 
breaking in photoproduction → 
confirming previous H1 measurements 
using other techniques of identifying 
diffraction
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Complementarity – the matured:
cross-calibration and combination
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Combination of 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 1997-2014: almost 20 years of data analysis!

Total of 2927 data points combined to 1307
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Full publication list

DESY-15-039 
ArXive: 1506.06042
EPJC 75 (2015) 580
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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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Averaging procedure

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

● 162 correlated systematic sources taken into account
→ treated in combination as nuisance parameters: scaled by fit

● Output
● 7 data samples for e±p, NC and CC, 3 CMEs
● Statistical and uncorrelated systematic uncertainties
● 162 correlated statistical uncertainties

Good data consistency: c2/dof = 1687/1620
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Combined data accuracy reaches ∼1%Combined data accuracy reaches ∼1%
Improvement well beyond 
statistical factor of sqrt(2)
→ cross-calibration of 
systematic uncertainties
→ different dominant H1 and 
ZEUS systematics
→ effectively use H1 electrons 
with ZEUS hadrons
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Electroweak unification

Fantastic precision 
of HERA final data
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@ high x

@ high Q2

Text book plots of fundamental properties of particle interactions

@ low x
electron-proton
positron-proton

@ moderate x
QCD scalingQCD scaling
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Combination of charm 
production
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Combination of beauty 
production
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Beauty and charm in PDF fits
● Beauty and charm masses → model parameters in PDF fits
→ their uncertainties improved by combination
→ does it matter?

Pre-combination: HERAPDF2 NNLO

Post-combination: HERAPDF2Jets NNLO
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● PDFs shapes very similar for pre- and 
post-combination HF masses

● Gluon experimental uncertainties hardly 
changed

● Model uncertainties 
improved thanks to 
procedure update and 
smaller parameters 
uncertainties 

→ combination!
● It's not much but every 

inch matters 

Comparing HERAPDF2 NNLO 
and HERAPDF2Jets NNLO
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Message to take away

Complementarity of detectors

● In my opinion a second detector is a must

→ H1 and ZEUS did it by chance

→ EIC has a chance to do it on purpose!
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Additional slides
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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
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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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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
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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
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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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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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https://www.herafitter.orghttps://www.herafitter.org
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Averaging results

● Good data consistency: c2/dof = 1687/1620
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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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