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Deep inelastic scattering at HERA
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Charm and beauty at HERA
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� boson-gluon fusion is a dominant     
process  for the charm creation in DIS;

� charm contribution to the inclusive 
DIS    cross section is up to 30% at 
HERA;

� beauty cross sections much smaller 
than charm: σcc ~ 1 μb σbb ~ 10 nb;

� heavy flavour production sensitive to 
the gluon density of the proton;  

� possibility to test pQCD; 

� better understanding of the charm and 
beauty is one of the key issues for 
LHC experiments;



Measurement of beauty and charm production in deep inelastic 
scattering at HERA and measurement of the beauty-quark mass

ZEUS Collaboration

DESY–14–083, 

arXiv:1405.6915

May 2014
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Beauty and charm content in events with at least one
jet have been extracted using the invariant mass of
charged tracks associated with secondary vertices and
the decay-length significance of these vertices.

S defined as d/δd, where δd -
uncertainty on decay-length d.
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Beauty and charm content in the selected
sample was determined using the shape of
the decay-length significance distribution
together with the secondary-vertex mass
distribution, mvtx.

MC simulation provides a good 
description of the data



Charm and Beauty in DIS with inclusive secondary vertices
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Contents of the negative bins of the significance distribution, N(S-), were subtracted from
the contents of the corresponding positive bins, N(S+), yielding a subtracted decay length
significance distribution: contribution from light-flavour quarks is minimized. To reduce
the contamination of tracks originating from the primary vertex: |S| > 4 .



Differential cross sections for inclusive jet production in 
beauty and charm events as a function of Ejet

T
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Beauty cross sections are 
reasonably well described

Charm cross sections: Rapgap
provides a worse description 
than Hvqdis



Differential cross sections for inclusive jet production in beauty 
and charm events as a function of Q2
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Beauty cross sections are 
reasonably well described

Charm cross sections: Rapgap provides 
a worse description  than Hvqdis
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Differential cross sections for inclusive jet production in beauty 
and charm events as a function of x
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Beauty cross sections are 
reasonably well described

Charm cross sections: Rapgap provides 
a worse description  than Hvqdis
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Differential cross sections for inclusive jet production in 
beauty and charm events as a function of ηjet
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F2
bb measurement as a function of Q2 for fixed x
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• Beauty and charm contributions to the 
proton structure functions were 
extracted from the double-differential 
cross section as a function of x and Q2.

• Very competitive precision: in a wide 
range of Q2, this measurement 
represents the most precise 

determination of F2
bb at HERA.  

• Good agreement with the previous 
ZEUS analyses and H1 measurements.



Measurement of the running beauty-quark mass
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Charm combination
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Charm combination



Combination results
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Very good self consistency of data!

EPJ C73 (2013) 2311



Running charm quark mass
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Strong charm mass dependence:
blue band: 1.35÷1.6 GeV

Well described using HERAPDF1.5



H1-ZEUS combination: D* visible cross sections in DIS
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The most precise measurements of D* visible
differential cross sections done by ZEUS and H1
experiments in deep-inelastic scattering were
combined to get ultimate precision.



Single and double differential cross sections
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D* visible cross sections compared to   NLO predictions

V. Aushev,    Heavy flavour production at HERA 21

� well described by FFNS NLO;
� data are more precise than theory;
� more advanced theory is really needed !

Visible level: data can be compared directly to differential NLO 
cross section predictions without the need for extrapolation.



D* visible cross sections: comparison with   NLO  calculations
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� well described by FFNS NLO;
� data are more precise than theory;
� more advanced theory is really needed !



Measurement of D* photoproduction at three different 
centre-of-mass energies at HERA
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DESY–14–082
May 2014
to be published in JHEP

The dependence on √s was studied by normalizing to the high-statistics
measurement at √s = 318 GeV. This led to the cancellation of a number of
systematic effects both in data and theory.



Cross section ratios as a function of the centre-of-mass 
energies and comparison with the theoretical predictions
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Increasing with √s is predicted well by perturbative QCD, demonstrating
consistency of the gluon distribution probed here with that extracted in fits
to the proton PDFs and enhancing confidence in predictions for future
higher energy ep colliders!

This dependence on the ep centre-
of-mass energy is measured for the 
first time at HERA !



Measurement of charm fragmentation fractions
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• Determined fragmentation 

fractions of  charm hadrons 

with HERA II data(372pb-1 ), 
i.e. the  probability of c-

quark to hadronising into 

particular charm meson 

f(c→D0, D+, Ds
+, D*+, Λc)

• Kinematic range: transverse 

momentum pT(D
0, D+, Ds

+, 

D*+, Λc)>3.8 GeV and their 

pseudorapidity |η|<1.6;

• Significantly suppressed 

background using 

microvertex detector (MVD);

JHEP 09 (2013) 058



The obtained precision is competitive with results in  e+e- collisions!
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New results

The fragmentation fractions  of charm 
quarks are independent of the production 
process and supports the hypothesis  of 
universality  of heavy quark fragmentation

New results



Summary and conclusions

• H1 and ZEUS still providing new charm and beauty results, exploiting
the full HERA statistics. Both charm and beauty provide very precise
data for testing pQCD.

• HERA DIS charm data have been combined with very good consistency
and reduced uncertainties -> measure charm mass mc(mc);

• ZEUS DIS beauty data well described by NLO QCD -> measure beauty
mass mb(mb) ;

• Combination of D* visible cross sections: most precise charm
measurements -> shows that more advanced theory is really needed;

• Energy dependence of D∗∗∗∗± photoproduction has been measured for the
first time at HERA: increasing cross section with increasing energy is
predicted well by NLO QCD -> enhance confidence in the NLO QCD
predictions of charm production rates, specifically, and QCD processes, in
general, for a future TeV-scale ep collider (LHeC) .

• Measured production of D0, D+, Ds
+, D*+, Λc : fragmentation fractions of

charm quarks are independent of the production process;
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