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Higgs in ep at the LHeC 
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Habemus novum Boson 
An amazing discovery indeed on its own.  
It is also the beginning of a new era for HEP 

We need to understand to the best of the capabilities 
of the LHC what boson it is we discovered and 
whether we see more than one  
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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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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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Use of forward jet tagging is not established at the LHC 



7 

The VBF Signal at the LHC  
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The VBF Signal at the LHC  



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 LHeC replace 
Lepton line by quark line 



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

q Set scales to MH. Little scale dependence 
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Kinematics in Charge Current Analysis 
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T.Han & BM Phys.Rev.D82:016009,2010.  
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MC Samples in Hadron-level study 
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U.Klein et al. 
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Expect 500 H->bb 
events at 60 GeV 
for 100 fb-1 -> 3% 
cross section 
measurement 
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M.Klein 
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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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Effect of PDF uncertainties and pdf choice 



24 



25 

Effect of background normalization on  
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Considering high luminosity scenarios (contribution to IPAC13) 
Aim: to turn the LHeC into a Higgs factory 

Observe the Higgs in decays not accessible by the LHC 
Number of events for 100 fb-1. Exploring higher lumi scenarios  



Structure of HVV couplings 
and jet Kinematics in VBF 
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C.Englert, D.Goncalves-Netto K.Mawatari and T.Plehn JHEP 1301 (2013) 148  

A. Djouadi, R.Godbole, B.M. and K.Mohan, arXiv:1301.4965  
New physics in the HVV coupling strongly distort the “VBF” jet kinematics. 
This also strongly affects the acceptance of the VBF signal  

Similar studies are ongoing to assess this effect in ep collisions 



Outlook and Conclusions 
q A Higgs boson with a mass ~125 GeV has been 

discovered and evidence for VBF mechanism given 

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 VBF signature established at the LHC 

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 Separation of HWW and HZZ couplings 

q Excellent signal to background ratio 
q Possibility of tagging H->cc decay 

q Exploring high lumi scenarios -> Higgs factory 28 
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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 

30 

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) 

Jet 

Jet 

Higgs Decay Products 

Tagging Jets 

Central Jet Veto 
.v.j.c

GeV700500M
45.3

0

JJ

JJ

2J1J

÷>

÷>ηΔ

<η⋅η

η 

ϕ 



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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