
Scenarios and Measurements with the LHeC 

1 Max Klein ‐ Scenarios and Measurements 

Max Klein 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Premee@ng  

CDR 
Luminosity‐Energy‐Beams 
Systema@c Errors 
Kinema@cs 
Electroweak effects 
Could we see intrinsic charm? 

… constraints on detector  

For pdf’s and QCD fit 
see MK and E.Perez 
at DIS07 and Divonne 08 

Thanks to Juan et al! 
¡muchas gracias! 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Luminosity Es>mates 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Ring‐Ring:       L ~P/E4  LINAC‐Ring:       L~P/E 

F.Willeke, 70GeV * 7TeV, 50MW [JINST 2006] 
B.Holzer, A.Kling et al, Divonne08,ECFA08 

Scale BH to 50MW: 5 1033 at 50 GeV 

F.Zimmermann, ECFA08 
Scale 100 GeV to 50 GeV: 5 1032 cm‐2s‐1 

HIgh energy recovery  LINAC? 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J.Jowe` (22.4.09). when simply scaled: 11MW, 70 GeV    30MW, 50GeV: LeN=1032 

Ca is a candidate for a lighter nucleus, may assume same eN luminosity and LA  ~1/A 
but lighter ions are not part of CERN’s programme so far. 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J.Jowe_ with Alessandra Lombardi,  Detlef Kuchler, Richard Scrivens, 24.4.09 
When scaled to 50 GeV and 30MW gives 1031  



Simulated Default Scenarios, April 2009 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h_p://hep.ph.liv.ac.uk/~mklein/simdis09/lhecsim.Dmp.CC, readfirst 

Not  
simulated 



Kinema>cs 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High Luminosity  
is short running 
@me and high 
flexibility. Essen@al 
for high x, Q2  and 
for semiinclusive 
processes (e.g.DVCS) 

Largest energy 
is crucial for low x 
and high masses 
and high Q2. The  
LHC may set the 
scale for everything, 
perhaps. 



Rates 

11 Max Klein ‐ Scenarios and Measurements 

The HERA CC 
data are restricted 
to x < 0.5. There follow 
substan@al pdf 
uncertain@es in the 
(new) HERA pdf QCD 
fits. High integrated 
luminosity is thus 
necessary to 
unfold partons 
and study dynamics 
at large x and high 
masses. LHeC also 
prrovides larger s: 

win‐win for CC  



Systema>c Error Calcula>on 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Numeric calcula@on (J.Bluemlein, MK, 1989) using cross sec@on deriva@ves to Ee,’, θe,Eh 

assume: 0.2 for E’, 1mrad for polar angle and 1% for Eh 
compares ok with MC calcula@on of H12000 paper [just published] (0.2%, 2mrad, 2%) 
                                                                                           cf talk of Jan Kretzschmar 

In addi@on: 0.5% extra efficiency, 1% yp for y>0.7, 0.5% RadCor, noise at y < 0.01 



Systema>c Error Calcula>on 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Same error requirements for D (100 GeV * 7000 GeV): reach lower x 
Polar angle error contribu@on rises. 0.2 mrad would imply 1% error! 
 Need very accurate polar angle measurement at large bwd angles. 



Systema>c Error Calcula>on 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At high Q2: measure at large x: 0.2% on Ee’ may be relaxed a bit. Polar angle may be much worse 
than 1mrad, but for high x need very accurate hadronic energy measurement (CC in par@cular). 
Need 1% of hadronic energy scales at very large Eh 



Kinema>cs – high Q2 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The electron kinema@cs at high Q2 
Is no big problem, apart from extreme 
backsca_ering at very high Q2 of electrons 
of a few TeV energy. 
 Need forward elm. calorimeter of few TeV 
    energy range down to 10o and below 
    with reasonable calibra>on accuracy. 

High x and high Q2: few TeV HFS  sca_ered forward: 
 Need forward had. calorimeter of few TeV 
    energy range down to 10o and below. 
   Mandatory for charged currents. Strong  
  varia>ons of cross sec>on at high x demand 
  hadronic energy calibra>on as good as 1% 



Kinema>cs – large x 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#
x=Ee/Ep 

Low proton beam energy: access large x. 
Needs high luminosity: L ~ 1/Ep2  

Nominal proton beam energy: need very fwd. 
angle acceptance for accessing large x 



Kinema>cs – low Q2,x 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Nominal proton beam energy: need very bwd 
angle acceptance for accessing low x and Q2 

Low electron beam energy: access low x. 
Needs only small luminosity. SPL for low 
Q2 physics, however, lowest x require max s.  



Electroweak Cross Sec>on Measurements 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Electroweak Cross Sec>on Measurements 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2 charges and 
2 polarisa@ons 
very desirable 
for electroweak 
physics and the 
new spectroscopy 
should that appear. 

Z effects depend  
on  charge and  
polarisa@on. 

D, x=0.2 



Structure Func>ons with the LHeC 

High precision electroweak  structure func>ons.  Flavour separa>on to highest x 

F2 and FL: the ul>mate challenge to satura>on 
(Foreshaw et al, NNPDF group) 

CC e‐ 

CC e+ 

high Lumi, 
high precision, 
new detector, 
full range: 

αs to 0.0001 

thy challenge 

T.Kluge, MK ‐ DIS08 

FL “data” included in simula@on files 



pdf’s and New Physics at the LHC  

NP may be accommodated by HERA/BCDMS 
DGLAP fit. It can not by the fit to also LHeC. 

 (recall high ET excess at the Tevatron which 
 disappeared when xg became modified) 

Factorisa>on is  violated in produc>on 
of high pT par>cles (IS and FS i.a.s).  

Important, perhaps crucial, to measure 
pdf’s in the kinema@c range of the LHC. 
cf also ED limits vs pdf’s. 

E.Perez, Divonne 



Top and Top Produc@on at the LHeC (CC) 

€ 

e−p→νX

€ 

e+p→νX

€ 

W +s→ c

€ 

W − s→ c

€ 

W −b→ t

€ 

W +b→ t

LHeC is a single top and 
an>‐top  quark factory 

with a CC cross sec@on 
of O(10)pb 

Top at HERA essen@ally 
impossible to study. Single 
top at Tevatron barely seen 
and at LHC very challenging  



Max Klein LHeC pdf DIS07 18.4.07   

Charm quark distribu>on  

x=0.07 

x=0.03 

x=0.007 

x=0.07 

x=0.007 

x=0.003 

x=0.0007 

x=0.0003 

x=0.00007 
x=0.00003 

HERA 

  

€ 

1 fb−1

εc = 0.1
bgdq = 0.01
δsyst = 0.1

−ϑ h ≥1
o

•−ϑ h ≥10
o

Intrinsic charm 
requires dedicated 
forward tagging 
and low Ep in order 
to reach large x. 

€ 

δstat =
1

εcNc

⋅ εcNc + bgdLQNNC



Try to see charm at large x 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x=0.00003 

x=0.00007 

x=0.0003 

x=0.0007 

x=0.003 

x=0.007 

x=0.0000 

x=0.03 

x=0.1 

x=0.3 

  

€ 

1 fb−1

εc = 0.1
bgdq = 0.01
δsyst = 0.1

−ϑ h ≥1
o

•−ϑ h ≥10
o

Even in the most  
favourable beam  
energy se{ng, 
a search for 
intrinsic charm 
at x >=0.1 would  
require charm 
tagging down 
to few degrees… 



Beauty, s and an>‐s measurements with the LHeC 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€ 

1 fb−1

εb = 0.5
bgdc = 0.1
δsyst = 0.1

−ϑ h ≥1
o

•−ϑ h ≥10
o

  

€ 

W +s→ c
1 fb−1

εc = 0.1
εq = 0.01
δsyst = 0.1

−ϑ h ≥1
o

•−ϑ h ≥10
o



Summary 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At mid term of the CDR development the LHeC has 3 
op@ons for considera@on: RR, LR and LRER 

The energies and luminosi@es in all cases substan@ally 
exceed the HERA values with 
RR: 50‐80 GeV: 1033; LR:50‐150 GeV: 1032 @mes N(ER) 

RR will have low polarisa@on, if any, and the LR will 
have a par@cular luminosity problem for positrons, 
both to be considered for the CDR. 

Lower energy op@ons are vital to fill the phase space 
and for special physics studies as FL or high x physics. 

A set of NC and CC measurements has been simulated 
which may serve as a CDR basis. For a TDR more 
detailed MC detector studies will be needed. 

The detector needs maximum coverage. In fwd direc@on 
a few TeV are sca_ered and the hadronic energy scale 
shall be determined to be_er than 1%. At small Q2 
the angle should be known to 0.1mrad.  

New levels of luminosity, beam energy, target variety 
and measurement accuracy will lead to the full 
unfolding of the partonic content of p,n,D,A and 
of course to a much deeper understanding of parton 
dynamics and if we are lucky of physics BSM , in the 
electroweak sector, in QCD and/or their interrela@on.  



Backup 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