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What kind of QCD/EW physics can be done with a     

(20-150 GeV) x 7 TeV ep collider with   integrated 

L~1-100 fb-1?

1. DIS

2. Jets

3. Heavy flavors

4. Electroweak physics

Most work completed, writing in progress  





1. DIS at LHeC 



Physics and Range High mass 1-2 TeV

rq few times 10-20 m

High precision

partons in plateau

of the LHC

Nuclear 

Structure

& dynamics

High Density Matter

Large x

LHeC grand 

picture 
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Max Klein - Scenarios and Measurements

Trivial, but 

important: 

largest Elep

allows highest  

Q2 scales

Pseudodata: Neutral Current Event RatesPseudodata: Neutral Current Event Rates

Vary charge, polarisation, 
and beam energy to 
disentangle contributions



Photon and Z exchanges are 1:1

7

2 charges and
2 polarisations
very desirable

for electroweak
precision physics

and a
new spectroscopy
should that appear.

Z effects depend 

on lepton charge and 
polarisation.

x=0.2

100 GeV

7000 GeV

F2

yZ
ZZ



Charge Asymmetry xF3
Z

60x7000 GeV2

P=0
10fb-1



Charged Currents

Complete unfolding of all parton distributions

to unprecedented accuracy
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Max Klein - Scenarios and Measurements

Rates

LHeC: expect ~ 

two orders of 

magnitude

more events

+ better 

coverage for

x>0.5

Max Klein - Scenarios and Measurements

Pseudodata: Charged  Current Event 

Rates

q

q’



Strong Coupling Constant

s least known of coupling constants
Grand Unification predictions suffer from s

DIS tends to be lower than world average

LHeC: per mille accuracy indep. of BCDMS.
Challenge to experiment and to h.o. QCD

Simulation of s measurement at LHeC

1/

MSSM - B.Allnach et al, hep-ex/0403133

fine structure

weak

strong

J.Bluemlein and H. Boettcher, arXiv 1005.3013 (2010)

+pol
?

T.Kluge/M.Klein Divonne 09



Strange (=? anti-strange) Quark  



W

s  c

1 fb
1


c
 0.1


q
 0.01


syst

 0.1

 
h
 1

o

  
h
 10

o

Some dimuon and K data
never properly measured 



Plenary ECFA, LHeC, Max 
Klein, CERN 30.11.2007

Neutron Structure (ed  eX)

crucial constraint on evolution (S-NS), improved 

s
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Studied LHeC simulated scenariosStudied LHeC simulated scenarios

 Studied scenarios (produced by Max Klein)
 Scenario B:

o E(e±) = 50 GeV

o E(p) = 7 TeV

o Pol = ±0.4

o Lumi e+p = 50 fb-1

o Lumi e-p = 50 fb-1

 Scenario H:

o E(e-) = 50 GeV

o E(p) = 1 TeV

o Pol=0

o Lumi e-p = 1 fb-1

 The central values of the cross sections are based on the HERAPDF1.0 settings

 The uncertainties are taken from the simulated tables (Max Klein) 

Same settings as for HERAPDF1.0 has been 

used



Voica Radescu LHeC Workshop, Chavannes 2010 15

Impact of LHeC on PDFs: gluonImpact of LHeC on PDFs: gluon

 Impressive impact of the LHeC simulated data on PDFs:

o At high x (see linear plot) and at very low x (see log x plot)!

HERA HERA

* All uncertainties are shown at the starting scale Q2=1.9 GeV2



Voica Radescu LHeC Workshop, Chavannes 2010 16

Impact of LHeC on PDFs: gluonImpact of LHeC on PDFs: gluon

 Impressive impact of the LHeC simulated data on PDFs:

o At very low x (see log x plot) and at high x (see linear plot) too! 

[Consistent with E.Perez]
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Impact of LHeC on PDFs: u valenceImpact of LHeC on PDFs: u valence

 Similarly for u valence (linear and log plots are shown)

Similar but a bit less precise for d valence 
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Impact of LHeC on PDFs: sea = 2(usea+dsea)Impact of LHeC on PDFs: sea = 2(usea+dsea)

 Beautiful reduction of the uncertainties given the precision and kinematic span of 

the LHeC simulation.

Accurate high x sea is important to study production of heavy particles at the LHC, e.g. Z' 
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Unconstrained settingUnconstrained setting

 Usual assumptions for light quark decomposition at low x may not necessary hold.

 Relaxing the assumption at low x u=d , we observe that uncertainties escalate, this has been 
shown that would impact considerably the size of uncertainties which could propagate 
further to Ws at the LHC up to 5% in the plateau region!

o One can see that for HERA data, if we relax the low x constraint on u and d, the errors are 
increased tremendously!

o However, when adding the LHeC simulated data, we observe that uncertainties are visbly improved 
even without this assumption. 
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Proton PDFs
Q2 = 100 GeV2

scenario D

» only PDF parameters free

(LHeC NC and CC e±p included)

scenarios: A, B, C, D and E

Ee (GeV) P L (e-:e+)

A 20 0 2  (1:1)

B 50 0.4 200 (1:1)

C 50 0.4 4 (1:1)

D 100 0.9 30 (2:1)

E 150 0.9 18 (2:1)

(examples with several different Q2

values are shown in backups)

* acceptance for scenario B has been taken 

to be:  10 < θ < 170o

Claire Gwenlan



Discussion on pdfs

• LHeC is clearly a wonderful toy for such physics

• Comparisons here with Hera only, better to compare with 

fits including present non-DIS data as well

• More flexible parameterization shown by Voica, may 

need further investigation 

• NNPDF might cover the last two topics to give us even 

more confidence (a last effort, please!)

• LHC will have important effects on pdfs, but depth and 

uniqueness of LHeC are undisputable   
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2. Jets

2

2



O(s) processes: Jets   

sensitive to g(x) and s

fundamental test of pQCD  







3. Heavy flavors



O(s) processes: charm & beauty   

sensitive to g(x) and s



O.B.

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
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O.B.

Beauty 
in DIS x=0.000001

HERA 

coverage

Q2>>mb
2

O.Behnke

x=0.2

In MSSM Higgs production is b 

dominated

LHeC F2bb measurements can be

used to determine precise b density 

in the proton 

Also for charm: F2
cc will become precision

testing ground for QCD and proton structure

Competition from LHC: 

b+Z production also 

sensitive to b(x,Q2)
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Test of applicability of different mass schemes for charm production



4. Electroweak physics









Summary

DIS: great opportunities for higher precision in 

gluon, flavor decomposition, s/sbar, αs

Jets: very interesting pQCD tests, theoretical 

developments (NNLO closer) will allow precise 

αs

Electroweak physics: NC couplings of the quarks 

can be measured to ~1%.


