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Experiments H1 and ZEUS

3

Forw.
Muon System

LAr-Calorimeter

Central Muon 
System

SpaCal

Central Tracking

e
p

ToF
Lumi

FPS
FNC
ToF

Forw. Tracking
Silicon

Detectors

Solenoid

Toroid

HERA Detectors

[ZEUS Collaboration]

[H1: Schematic View]

Uranium Calorimeter
• !(E)/E = 18%√E for electrons
• !(E)/E = 35%/√E for hadrons

Central Tracker Resolution
• !(pt)/pt = 0.0058 pt/GeV " 0.0065
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• !(pt)/pt = 0.006 pt/GeV " 0.02

ZEUS H1

Integrated Luminosity HERA-I + II: ~500 pb-1 per Experiment
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HERA-II: Both Experiments equipped with Silicon Vertex Detectors
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Heavy Quark Production
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Probe of perturbative QCD: 
Test factorization / universality of calculable and non-calculable components

Parton Distributions

Quark Fragmentation
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Running coupling αs

Multiple Hard Scales: mc,b , Q2, pt

D∗± → D0π±s
↪→ K∓π±

Q2

e

X

BGF Matrix Element

Q2 ~ 0: Photoproduction
Q2 > 5: DIS
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D* Production
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·Cross section measured 
in experimentally visible 
range:

·Q2>5 GeV2

·0.05 < y < 0.6

·pt(D*) > 1.5 GeV

·|η(D*)|<1.5  

·H1 analyzed data set:

·∫ Ldt ~ 220 pb-1 

·~10000 Signal D* 

D∗± → D0π±s
↪→ K∓π±
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D* Production Cross Sections

·Theory calculations all describe data rather well ...

·RAPGAP-MC  (DGLAP LO+PS)

·CASCADE-MC (CCFM LO+PS)

·HVQDIS (DGLAP NLO)

·... with significant scale uncertainties (order of ±15%)
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Figure 3: Differential D∗ cross section as a function of Q2 compared to the NLO
QCD calculation of HVQDIS. The HERA II data (solid points) are shown compared
to the most recently published ZEUS measurement (open squares). The inner error
bars indicate the statistical uncertainties and the outer bars show the statistical and
systematic uncertainties added in quadrature. The solid line gives the predictions
from the ZEUS NLO QCD fit for mc = 1.35GeV with the shaded band indicating
the uncertainty in the prediction.

9

H1

ZEUS

Q2

Q2
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HVQDIS:
1.3 < mc < 1.6 GeV

∫ Ldt ~ 162 pb-1
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D* Production Cross Sections
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Figure 4: Differential D∗ cross section as a function of pT (D∗) compared to the
NLO QCD calculation of HVQDIS. The solid points show the HERA II data with
the inner error bars indicating statistical uncertainties and the outer bars showing
statistical and systematic uncertainties added in quadrature. The solid line gives
the predictions from the ZEUS NLO QCD fit for mc = 1.35GeV with the shaded
band indicating the uncertainty in the prediction.
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showing the statistical and systematic uncertainties added in quadrature. The solid
line gives the predictions from the ZEUS NLO QCD fit for mc = 1.35GeV with the
shaded band indicating the uncertainty in the prediction.
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Experimental uncertainties generally smaller than scale uncertainties
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Measurement of D+-Mesons
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Figure 5: Mass distribution without significance cut and χ2/ndf for the D±

meson.
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Figure 6: Mass distribution with significance cut and χ2/ndf for the D± meson.
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Figure 9: Differential D± cross section as a function of Q2 compared to the
NLO QCD calculation of HVQDIS. The HERA II data (solid points) are shown
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Lifetime tag enhancing charm signal / D+ cross sections consistent with expectation  

M(Kππ)

M(Kππ)

!/σ! > 3 Q2

∫ Ldt ~ 65 pb-1
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Charm Fragmentation
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·Impact parameter:

·Subtract negative side from positive:                                                                           
improved systematics

·Tracks with 2nd highest significance S2:           
good charm/beauty separation 
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Charm & Beauty Structure Functions
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·Good agreement with predictions using gluon 

distribution from scaling violations

·Charm approaching precision regime 
constraining gluon density g(x)
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Charm and Beauty 
Photoproduction

·No hadron reconstruction or lepton tag → larger statistics → reach to higher pt 

·First combined measurement of charm and beauty in photoproduction
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Photoproduction of Beauty
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·Many independent measurements performed in the last years 

·General trend to be somewhat higher than massive NLO

·Statistical and systematic errors still large → HERA-II
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Conclusions

·HERA-II:  Upgraded detectors and increased statistics provide much improved precision

·Charm Production:

·Charm data providing tight constraints for proton structure, pQCD parms and fragmentation

·HERA-II: Precision Measurements

·Beauty Production:

·Beauty data give input to predictions of LHC signal and background rates

·HERA-II: Differential Measurements

16

HERA-II analyses in full swing  /  first results have been presented  /  much more to come soon 

Heavy Quark Production at HERA:
Test of factorization ansatz of perturbative QCD and all of its ingredients

HERA data: 500 pb-1 of useful data have been recorded by each H1 and ZEUS


