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• Selected Highlights of the First Workshop
• Goals for the 2nd Workshop
• Few Organizational Matters 

HERA and the LHC
2nd workshop on the implication of HERA for LHC physics

A De Roeck CERN)
and H. Jung (DESY)

06/06/06
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proton proton collider LHC
√s = 14 TeV 

LHC: Higgs, SUSY etc, 
but mostly QCD...

electron proton collider HERA  
√s = 320 GeV 

HERA: QCD
structure of the proton

typical range

Why HERA and the LHC?
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Examples: HERA→ LHC
HERA F2
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Structure functions and 
parton distributions
LHC: cross sections/precision

Underlying event:
tunable elementarity
of one beam particle
γp ↔γ*p collisions
LHC: event complexity

B-production: B quark 
PDFs of the proton
LHC: Higgs production

Diffraction
LHC: diffractive
scalar production
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Workshop Aims

⇒ Five Working Groups
• Parton density functions
• Multi-jet final states
• Heavy quarks (charm and beauty)
• Diffraction
• MC-tools

Workshop Chairs
H. Jung, ADR

6 major meetings in 12 months

http://www.desy.de/~heralhc
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Many thanks to all 
conveners and authors !

hep-ph/0601012
hep-ph/0601013

Available on request
from CERN/DESY libs

>650 pages

– Phase I of this workshop concluded with 
the proceedings

– However an important link between 
communities has been established.

– March 05’: We should not just let it fade 
away, but strongly exploit it, to the 
benefit of both communities.             

– Therefore keep momentum with one  
HERA/LHC meeting per year

– Keep also good contacts with TeV4LHC 
workshop activities (started Sept.2004)

2006     CERN: 6-9 June
2007     DESY    date to be determined
2008     CERN   (first LHC physics? )

Proceedings



6

• W prod. at LHC  without HERA: • W prod. at LHC including HERA

PDFs 
including 
HERA:

PDFs 
without 
HERA:

~ 3.5 %~ 16 %

0.0001<x<0.10.0001<x<0.1

HERA Impact on the LHC
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Extra Dimensions?

Supersymmetry?

Signature for new physics
➔ jet x-section

Discovery potential depends
on precise PDFs

Precision determination of PDFs needed ... 
understanding QCD is the key to new physics 

inclusive jet xsection D.Stump et al hep-ph/0303013

CTEQ6 
uncertainties

Precise PDFs for the LHC

CTEQ6.1
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Impact of Future HERA Data 

• Improvement in PDF
precision with projected
700 fb-1 of data in HERA-II

• Includes jets in DIS and γp

• Note only HERA (ZEUS) data 
are used in the fits

Gwenlan
Cooper-Sarkar
Targett-Adams
hep-ph/0509220
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from C. Gwenlan, A. Cooper-Sarkar, C. Targett-Adams

high statistics from HERA II is important 
(assumed 700 pb-1)

Using jets together with F2 (at large Q2)
quark and  gluon uncertainties

Error on LHC jet xsection reduced !!!

PDF Uncertainties: Improvements
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From M. Cooper-Sakar, C. Gwenlan and S. Glazov

Much reduced uncertainties ....
Model independent analysis of data desirable

get THE  HERA – PDF !!!!!

● Combined PDF fit to H1& ZEUS● Average H1&ZEUS data sets

Average HERA data
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LHC Kinematics/QCD evolution

Evolution of PDFs to high Q2 & low x important at the LHC
Precision? Level of approximation? CCFM/BFKL?, non-linear effects?  
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Impact of the measurement of FL

FL could referee the gluon distribution!  
FL is like F2: little theoretical ambiguity (compared to e.g. F2

C) 

H. Stenzel R. Thorne

),()(),(])1(1/[ 22
2

22
2 QxFyfQxFFyyF LLr ⋅−=⋅−+−=σ

Need to lower the energy of proton or electron beam for this measurement



13

x

F L

.

10-4 10-30

0.2

0.4

0.6

0.8
Q2 = 6 GeV2

x
F L

.

10-4 10-30

0.2

0.4

0.6

0.8
Q2 = 10 GeV2

x

F L

.

10-4 10-30

0.2

0.4

0.6

0.8
Q2 = 20 GeV2

x

F L

.

10-4 10-30

0.2

0.4

0.6

0.8
Q2 = 40 GeV2

x

F L

.

10-4 10-30

0.2

0.4

0.6

0.8

x
F L

.

10-4 10-30

0.2

0.4

0.6

0.8

x

F L

.

10-4 10-30

0.2

0.4

0.6

0.8

x

F L

.

10-4 10-30

0.2

0.4

0.6

0.8

Measuring  FL

Detailed study for H1, with 2 lower proton beam energy settings 

FL can referee
between MRST
and CTEQ gluons

FL is gluon driven 

Looks like FL may 
happen in 2007 !

CTEQ

MRST

Feltesse/Klein et al
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