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Outline
(new results 2011)

• HERA and two colliding experiments: ZEUS and H1;
• Jets and αs;
• Heavy flavours;
• Precision measurements of the proton structure;
• Conclusion;

• (selection of topics, not complete)
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HERA
• German’s largest research instrument, the only one in the 

world electron-proton collider(DESY, Hamburg);
• Although research operation was concluded on June 2007 

→ continue the evaluation of the recorded data (steady 
data analysis period until 2014): we consider our activity in 
the context of the question: what HERA still has to offer? 

• We will correct our physics analysis programme 
accounting for the current constraints from the LHC (need 
to be mindful of the potential from 2012 data taking at the 
LHC → understand the changing landscape after first data 
run at the LHC and define the ZEUS discovery, and 
science reach using ep data) ;

• >2014: Given the uniqueness of the HERA data, analyses 
by present members of ZEUS, are expected to continue. 
Long term data preservation period and continue ZEUS 
physics analysis.
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HERA between past and future of
 the e-p physics

• Recorded a large amount of 
data; only fraction of statistics 
has been analyzed so far in 
many cases. 

• Many of the insights gained any of the insights gained 
with HERA belong to our with HERA belong to our 
fundamental knowledge of how fundamental knowledge of how 
the world is put together. For the world is put together. For 
many years to come, the many years to come, the 
evaluation of the HERA data evaluation of the HERA data 
will continue to provide unique will continue to provide unique 
insights into the inner structure insights into the inner structure 
of the proton and the of the proton and the 
fundamental forces of nature.”fundamental forces of nature.”

Past
(1950th – 

mid-1990th )

Era of 
HERA

( mid-1990th - 
… )

Future
(   > 2020   )

Elastic → 
Deep 
Inelastic 
Scattering 
(DIS)

Photoprod 
& DIS 
studies

EIC@JLAB
eRHIC@BNL
LHeC@CERN

No higher energy e-p collider than HERA!  other than “LHeC”
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HERMES

HERA-B
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Deep inelastic scattering at HERA
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Jet Production at HERA with ZEUS

Inclusive Jets in Photoproduction (PHP) 
and Deep-Inelastic Scattering (DIS). 
Extraction of the Strong Coupling αs

As you will see:
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Inclusive Jet Production in PHP
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Inclusive Jet Production in PHP



Sep 24- Oct 1,2011 QFTHEP'11 V.Aushev, Heavy Flavours and QCD studies at HERA 11

Dijet Production in PHP
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Inclusive Jets at High Q2
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Summary of ZEUS and H1 αs measurements
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αs from the HERAscale to the Terascale



Sep 24- Oct 1,2011 QFTHEP'11 V.Aushev, Heavy Flavours and QCD studies at HERA 17

Charm Quark Production in DIS at ZEUS
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D+ production at a low pT threshold
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Diff. cross sections
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F2
cc measurement from D+ → K- π+ π-
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ZEUS measurements are in agreement with H1 results
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Beauty jet production in ZEUS
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Vertexing in ZEUS
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Secondary vertices in DIS: method
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Secondary vertices in DIS: cross sections
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Beauty from jet+μ:  vs. Q2
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Beauty from jet+μ:  vs. pT and η
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Beauty from dijets+e
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New!
New!
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Secondary vertices in PHP
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Isolated hard photons measured in DIS

Some particular 
motivations for these 

measurements:
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Prompt photon with jets cross. sec. vs. Q2 and x
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Prompt photon with jets cross. sec. vs. ET
 and η
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Proton structure probe
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HERAPDF1.0 and HERAPDF1.5 fits
• The combined NC and CC HERA data have been used as the sole 

input for the extraction of the HERAPDF1.5.
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HERAPDF1.5 Fit

Extrapolation to 
low Q2 is
consistent with 
fixed target
data.
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HERA PDF Compared to pp Jets

For ATLAS, HERAPDF 
provides the best 
description of the data.

Combination of the H1 and 
ZEUS data brings ultimate 
precision for PDFs. 
PDF analysis is performed at 
NLO and NNLO.

HERA continues to provide data essential for physics at the LHC.
The data is the main ingredient for all modern PDF fits. HERAPDF
fits provide alternative PDF sets with well understood experimental
and theory uncertainties.
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Weak interactions are "left-handed"
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Electroweak Unification
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Conclusions
• Combination of the H1 and ZEUS data brings ultimate precision for 

PDFs.  HERA continues to provide data essential for physics at the LHC.

• HERA still one of the best QCD laboratories;    in general, agreement with 
NLO QCD, success of the Standard Model !

• HERA jet measurements successfully test and constrain QCD 
parameters -> potential to yield world best measurements of αs;

• Heavy Flavour measurements at HERA successfully described by QCD, 
contribute to improve cross section predictions for LHC;

• combination of H1/ZEUS results ongoing:
• -> towards full 1 fb-1 results (H1+ZEUS, HERA1+2).
• -> expect significant further improvements over next few years

• for QCD only fraction of statistics has been analyzed so far in many 
cases; physics analysis is in full swing and will continue for a long time.
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