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Need for LHeC
27.5 GeV x 920 GeV ep HERA
with integrated L~0.5 fb-1 was a
 high precision machine for QCD
 modest precision machine for electroweak physics

Where could we go with a
20-150 GeV x 7 TeV ep LHeC
with integrated L~1-10 fb-1 ?
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Precision QCD & electroweak physics at LHeC

Selected highlights presented in this talk :
Inclusive DIS: Complete flavour decomposition of
proton:  u,d,s,c,b (+antiquarks),  valence & sea, gluon,
precision αs    
Electroweak tests in t channel:
Light quark couplings to Z0: au, vu, ad, vd

Single top production (Test of SM )
Charm and Beauty: mass treatment in pQCD
Jet production: Precision QCD tests in clean
environment at high(est) pt
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For many more interesting results see talks at http://www.ep.ph.bham.ac.uk/exp/LHeC//talks.html
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Physics using
inclusive ep measurements

at LHeC

1.1.



5Max Klein - Scenarios and Measurements

Simulated Default Scenarios, April 2009

http://hep.ph.liv.ac.uk/~mklein/simdis09/lhecsim.Dmp.CC, readfirst

Not 
simulated

Max Klein



6Max Klein - Scenarios and Measurements

Kinematics – high Q2

Need
excellent
forward
hadron
calorimetry &
calibration



7Max Klein - Scenarios and Measurements

Trivial, but
important:
largest Elep
allows highest
Q2 scales

Neutral Current Event RatesNeutral Current Event Rates



8

Electroweak NC Cross Section Measurements Max Klein
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u-type quark couplings d-type quark couplings

comparison with ZEUS fit (base to which LHeC pseudo-
data added)

it’s here!

scenario D:
Pe = ±0.9

Claire Gwenlan

Electroweak physics: quark couplings to Z0Electroweak physics: quark couplings to Z0
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LHeC (and HERA) especially sensitive to u and d couplings: 
expect deviations from SM for these couplings  

e.g in Leptophobic Z’ models

Soumitra Nandi,
Paolo Gambino

Electroweak physics: quark couplings to Z0

Claire Gwenlan



11Max Klein - Scenarios and Measurements

Rates

LHeC: expect ~
two orders of
magnitude
more events
+ better
coverage for
x>0.5

Max Klein - Scenarios and Measurements

Charged  Current Event Rates
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Direct measurement of valence quarks Max Klein
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Direct measurement of valence quarks Max Klein
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Back to Neutral currents… Max Klein
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Combined fit to NC and CC
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Proton PDFs Q2 = 100 GeV2

scenario D

» only PDF parameters free
(LHeC NC and CC e±p
included)

Looks very promising,
model and parameterisation
uncertainties to be studied

Claire Gwenlan

g(x)g(x)



αs from inclusive NC+CC
Sensitivity mainly from scaling violations of F2

 

Thomas Kluge

Fitting to Pseudodata B+C+F+H ->  

Plan to add also simulated inclusive  jet data, shown on page  30 
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Physics using
charm and/or beauty tagging

in the final state

2.2.
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Max Klein
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F2
cc  projected LHeC results (only QPM like part):

Max Klein
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Electroweak physics: quark couplings to Z0 Max KleinMax Klein
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O.B.

Beauty
in DIS

Largely extended
 phasespace 

compared to HERA 

x=0.2

x=0.000001

HERA
coverage



Olaf Behnke

HERA 27.5 x 920

Obtained with PYTHIA, RAPGAP
and LEPTO

LHeC is a  
 flavour factory 



HERA 27.5 x 920

Obtained with PYTHIA, RAPGAP
and LEPTO

LHeC is a  
 flavour factory 

Events per 10 fb-1 Lumi
1010

108

4x106

4x105

105

103



Subtle topic: correct treatment of  heavy flavour masses in pQCD

Q2~mc
2  Q2>>mc

2  

Sea quark like c,b
How to make properly the transition from left to right picture

is a longstanding problem
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Inclusive photoproduction of D* mesons at LHeC Gustav Kramer,
Hubert Spiesberger

Can be studied at LHeC over very large pt range 



Charm production at an γp collider

 

Cross sections 
much higher for 
 photon proton 

collider

CompareCompare  charm productioncharm production
cross sections in DIS (left)cross sections in DIS (left)  

vs vs cross sections at ancross sections at an  
Photon proton Photon proton collider collider (right)(right)
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Physics using
 hard jets

(subject to hadronic corrections but unaffected by volcanic ash)

3.3.



Jet production

 

Reach scales up to 2mtop where change of 1/αs slope is expected 

Claudia Glasman,
Juan Terron

DIS Photoproduction

JetJet
jetjet

Joerg Behr,
Thomas Schoerner
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Inclusive Jets in DIS (with NLOJET++4.0.1 Thomas
Kluge
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Summary

The LHeC has the potential to completely unfold the partonic content of the proton: u,d,
c,s, t,b and the gluon in an unprecedent kinematic range. This is based on inclusive NC,
CC cross sections complemented by heavy quark identification. The (almost) whole p
structure which the LHC assumes/needs to know will become accuralely determined.

Electroweak high precision SM tests in the t-channel, especially for u and d
quarks

Single Top production: sensitive test of the standard model (Wtb couplings)

The LHeC is the ultimate clean precision tool for hard QCD physics:
• αs measurements at the permille level from inclusive and jet data
• charm and beauty: understand/control the treatment of mass in pQCD calculations
• High pt jets: also sensitive to proton and photon structure

 Demanding detector requirements:
• Large x>0.1 programme necessiates excellent forward hadronic calorimetry and control
of hadronic energy scale to <= 1 %,
• s,c,b,t programme needs efficient charm and beauty tagging over wide rapidity range

Next plans of working group: complete studies and writeNext plans of working group: complete studies and write  QCD & electroweak chapter ofQCD & electroweak chapter of
the the LHeC conceptional LHeC conceptional design reportdesign report    (until summer)(until summer)
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Backup slides



33

Stefan Hoeche

Could be a nice tool for further specific LHeC predictions

SHERPA


