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CERN Referees

Published 600 pages conceptual design report (CDR) written by 150 authors from 60 Institutes. 
Reviewed by ECFA, NuPECC (long range plan), Referees invited by CERN. Published June 2012. 

arXiv:1206.2913  

arXiv:1211.4831 and 5102 



About 200 Experimentalists and Theorists from 76 Institutes
Supported by 
CERN, ECFA, NuPECC 

http://cern.ch/lhec

Present LHeC Study group and CDR authors 



LHeC Physics Programme 

  Ultra high precision (detector, e-h redundancy)       -  new insight 
  Maximum luminosity and much extended range      -  rare, new effects 
  Deep relation to (HL-) LHC (precision+range)         -  complementarity 

CDR, arXiv:1211.4831 and 5102 
http://cern.ch/lhec 

Strong coupling  0.1%; Full unfolding of PDFs; Gluon: low x: saturation?, high x: HL LHC searches…  



LHeC Collaboration arXiv:1211:5102, see also O.Bruening and M.Klein arXiv:1305.2090 

 After the Higgs discovery: LHeC 1033 à34 Luminosity 



Higgs at LHeC 

q It is remarkable that VBF 
diagrams were calculated for 
lepton nucleon collisions before 
for pp! 

q Consider feasibility for the 
following point: 
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At LHC replace 
lepton lines by quark lines 
but dominantly gg à H  



Cross-Sections 
q Used Madgraph and CTEQ6L for e-p scattering 

q Set scales to MH. Little scale dependence 
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MC Samples in Hadron-level study 
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U.Klein et al. 
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Expect 5000 H à bb 
events at 60 GeV for  
1ab-1 à 0.7% coupling 
measurement at S/B ~1. 
 
à LHeC is high precision 
Higgs  facility  



LHeC  Higgs Rates  

Precision measurements on fermions [ττ under study], WW, gg? 



Status of di-tau Feasibility 

q Looks like the following combinations will work 
q mu+ tau_had 

q mu- tau_had 

q tau_had tau_had 
q e+ mu- 

q mu+mu- (?) 

q The main background will come from di-tau 
production. This is a good start.  

q Next step is to look into the prospects of fakes, 
although if these channels are possible at the LHC, 
they have to be possible at the LHeC. 

q Need to look into NC production of taus 
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S. Biswal, R. Godbole,  B.M. and a S. Raychaudhuri Phys.Rev.Lett. 109 (2012) 261801  
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Need to investigate physics beyond the SM within the 0+ 

hypothesis with high precision 
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M.Klein 



Projects in Progress 

q Understanding of the impact tensor structure of the 
HVV coupling on the acceptance of forward jet 
tagging. This is a follow up of recent studies in pp 
collisions 

q Feasibility of tautau channel.  

q Aiming at combined LHC/LHeC Yukawa coupling 
determination 

q Revisiting single-top studies 
q Negligible background from double-top production as 
opposed to the LHC. Backgrounds from single W 
production are suppressed with b-tagging 

q Preprint to appear within a week  
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Outlook and Conclusions 
q LHeC displays strong complementarities with the 

LHC with regards to Higgs physics 

q Forward jet tagging secures the feasibility of the 
Higgs search in CC and NC in ep collisions 

q With the isolation of the H→bb signal at the LHeC a 
window of opportunity opens for the exploration of 
the CP properties of the HWW and HZZ vertexes 

q The LHeC offers a number of advantages 
q Unique separation of HWW and HZZ couplings 
q Excellent signal to background ratio (no pile-up!) 

q Possibility of tagging H à cc decay 

q Exploring high lumi scenarios à Higgs „factory” 

q The LHeC removes the PDF/QCD uncertainties for 
pp: LHC becomes precision Higgs facility   
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Extra Slides 



Higgs via VBF 
Qualitative remarks 

q Unlike QCD 
partons that scale 
like 1/PT

2, here 
PT~sqrt(1-x)MW 
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q Due to the 1/x behavior of the Weak boson the 
outgoing parton energy (1-x)E is large → forward jets 

q At high PT  

q Contribution from longitudinally polarized Weak 
bosons is suppressed  (Higgs couples to 
longitudinally polarized WB) 
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Low mass SM Higgs + 2jets  
q  Wisconsin Pheno (D.Zeppenfeld, D.Rainwater, et al.) proposed 

to search for a Low Mass Higgs in association with two jets 
with jet veto 
q Central jet veto initially suggested in V.Barger, K.Cheung and T.Han 

in PRD 42 3052 (1990) 
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Signal Efficiency for Different Ee 

q First row: Cumulative efficiency 
q Second row: Efficiency w.r.t. previous cut 
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Effect of Jet Energy Resolution 
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Effect of Range of b-tagging 
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Effect of Jet PT 
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Signal Efficiency for Different Ee 

q First row: Cumulative efficiency 
q Second row: Efficiency w.r.t. previous cut 
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BDT includes forward jet tagging 
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Effect of PDF uncertainties and pdf choice 
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First preliminary combinations 
of CP-studies by CMS and 
ATLAS available. Consistent 
picture: compatibility of data 
with pure SM 0+ hypothesis 
and incompatibility with other  
spin-CP hypotheses explored  
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Tests performed so far indicate compatibility 
with the SM Higgs boson hypothesis 
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Effect of background normalization on  


