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Motivation
● HERA provide important input for tests of QCD

● at HERA  heavy-flavour production in DIS proceeds predominantly 
via the boson-gluon-fusion

● cross section depends strongly on the gluon distribution and heavy-
quark mass → this mass provides a hard scale for the applicability 
of perturbative QCD

● other hard scales are also present in this process: the transverse 
momenta of the outgoing quarks and the and Q2 of the exchanged 
photon.

● The presence of several hard scales complicates the calculation of 
heavy-flavour production in pQCD

Different approaches have been developed to cope with the 
multiple scale problem inherent in this process: massive fixed-
flavour-number scheme (FFNS)  and different implementations of 
the variable- flavour-number scheme (VFNS)
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HERA with two general purpose detectors 
H1 and ZEUS

Collected ~0.5 fb-1 of integrated luminosity by each experiment
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M

HERA experiments ZEUS & H1 - one of the best QCD laboratories
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Deep inelastic scattering at HERA
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Charm and beauty at HERA
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Combination of 13 charm+beauty data sets

3 additional charm datasets w.r.t. EPJ C73 (2013) 2311
beauty combined for the first time account for all systematic 
correlations between data points, data sets, and between 
charm and beauty
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Combined  reduced charm production cross sections
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Combined reduced beauty production cross 
sections
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Reduced cross sections as function of x
Bj

 at Q2=32 GeV2
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Combined reduced (charm) cross sections as a 
function of x

Bj
 for given values of Q2
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Fixed Flavour Number Scheme (FFNS)
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 Comparison to NLO QCD FFNS predictions
(Charm)

data reasonably 
described
best: HERAPDF2.0 FF
and ABKM09NLO
~3s tension with xBj 

slope
appr. NNLO does not 
improve
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 Comparison to NLO QCD FFNS predictions
(Beauty)

all consistent
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QCD fit: charm subset
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Comparison with other m
c
(m

c
) determinations
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QCD fit: beauty subset
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QCD fit: charm x slope
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Summary
● Final HERA charm and beauty data in DIS have been combined 

including all correlations. Charm precision improved by ~20%, 
beauty combined for the first time

● Data are reasonably described by FFNS predictions (NLO better 
than approx. NNLO), but show ~3σ tension in x slope w.r.t 
inclusive

● QCD fit of inclusive, charm and beauty data (simultaneous fit of 
PDFs, mc and mb in FFNS at NLO) yields (in agreement with 
world average and previous measurements):

● More detailed studies of x slope tension -> can not be solved by 
varying the gluon density, or adding higher orders, or resumming 
log 1/x terms, within the respective pQCD frameworks

●
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