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* HERA and heavy quark production
* Tagging heavy quarks
* Cross section measurements

* Heavy quark contribution to proton
structure

* Charm fragmentation
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HERA - the world's only ep collider
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Deep Inelastic Scattering
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pQCD calculations

pQCD calculations are performed in different ways:

Massive (Fixed Flavour Number Scheme)
—Heavy quarks have mass and are not part of structure functions
—c and b are produced perturbatively in the hard interaction
—most appropriate for Q2 ~ M2
—If Q2 >> M2, large In(Q*/M,?) appear
—DGLAP evolution is used to obtain the quark and gluon densities.
—Programs for Photoproduction: FMNR (Frixione et al.)

—DIS: HVQDIS (Harris+Smith)
Massless (B. Kniehl et al)

—Heavy quark masses are neglected
—resummation is valid for Q? >> M2

and a combined method (Variable Flavour Number Scheme)
—At small Q? uses massive, at large Q? uses massless
—(M. Cacciari et al).
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Heavy Quark Production

nﬁ__ﬁ\z/,/
Heavy quarks (c and b)

predominantly by : _
Boson-Gluon Fusion 3

=
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PDF Hard Scatter Fragmentation

Proton and Photon Dynamics of NLO QCD Describes parton-hadron
structure functions Large quark mass allows transition

Direct sensitivity to gluon pQCD calculations Non-perturbative

density in proton
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Heavy Flavour Quark Tagging

Resonance tagging:
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D+ and other charm hadron cross sections
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Decay length significance cut used to enhance traditional D* tagging technique
More precise measurement made with HERA |I. Agrees well with HERA | data and NLO calculation
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D** Meson Production in DIS
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Heavy Flavour Quark Tagging
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Differential beauty cross sections

Large beauty mass means predictions should

be reliable o _ZEUS

Beauty production is a stringent test of pQCD

Some measurements observe an excess at
low pT

Measured at ZEUS and H1 in electron and
muon decays and inclusively

Double tagging techniques (o and p,") enable
more precise measurements

NLO (FMNR) agrees reasonably well with most
precise measurements
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Compilation of beauty photoproduction results
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F.cand F,* : Impact Parameter Significance Tag

Measurement of F° and F5°
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Fcc
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be
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Fragmentation Fractions
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Fragmentation Functions

Fraction of c-quark energy taken by
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Summary

Heavy flavour production at HERA allows the study of:

- gluon density of the proton

- pQCD calculations

In general a reasonable description of the data is given by NLO calculations

Sensitive to fragmentation parameters

Outlook....... analyses using full HERA statistics

There will be no more collisions at HERA but analysis of its data will continue
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Back up — extraction of Fcc

d?o*(z,Q*) 2ma’
dzd@? 204

{1+ (1 - y)’|F5*(2, Q) — y*Ff(z,Q%)}

ZEUS extracts F.° from D mesons cross sections, using HVQDIS to extrapolate to
the full meson phase space:

g; meas(ep —¥ D*X) B )
’ FCC % '
e (@)

cc 2
FZ,meas(a:%') Qz ) —
H1 measures charm inclusively:

ATMCgen
N e

5% (z, Q%) = d(z, Q° - —
) )P \ MCgen + P \EI:[(_.-;:,(_.I] 4 PEA’:I_I\[(J%ul

OBCC

Where P, are the fraction of charm, beauty, LF from the fit and o is the inclusive
reduced cross section.
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