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Physics at the LHeC 



Outline 
q The LHeC project 
q The LHeC Physics Program 

q The proton PDF 
q High precision for the LHC 
q Top physics, etc… 

q The LHeC, a Higgs facility 
q Sensitivity to coupling strength 
q Sensitivity to HVV coupling structure 
q Invisible decays 
q Top Yukawa coupling 

q Outlook and conclusions 
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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 



Layout 
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M.Klein 



title PERLE at Orsay:   New Collaboration: BINP, CERN, Daresbury/Liverpool, Jlab, Orsay +  
 
CDR publication imminent.   
3 turns, 2 Linacs, 15mA, 802 MHz ERL facility 
-Demonstrator of LHeC 
-Technology (SCRF) Development Facility 
-Low E electron and photon beam physics 
-High intensity: 100 x ELI   

See https://indico.lal.in2p3.fr/event/3428/ 

Powerful ERL for Experiments (ep.yp): PERLE at Orsay 
M

.K
lein 



Luminosity for LHeC, HE-LHeC and FCC 
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The LHeC Detector 
P. Kostka 
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Physics Highlights 



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…  



11 

U. Klein 
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S. Forte 

PDF uncertainty on Higgs production at LHC will 
become negligible due to measurements a the LHeC 



High Precision for the LHC  
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Can achieve 0.2% precision in pdf 
uncertainty, thus removing this 
uncertainty from the prediction of the 
Higgs cross-section. 

Spacelike MW to 10 MeV from ep 
à Electroweak thy test at 0.01% ! 
 
Reduce pdf error 2.8 MeV  à  
Remove PDF uncertainty on MW LHC 

M
.K

lein 



Top Physics 
Top electric charge 
 
EDM and MDM 
 
Anomalous t-q-y and t-g-Z 
 
Vtb 
 
Top spin 
 
W-t-b 
 
Top PDF 
 
Top mass 
 
Top-Higgs (1602.04670) 
 
CP nature of ttH  (1702.03426) 
 
Just started to fully see the huge potential of top physics in ep at 
high energies 
 
 

Pair production         Single production 

FCNC top Higgs CC interaction 

M.Klein 

Dominant  
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LHeC, a Higgs 
facility 



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 LHeC point: 
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At LHC replace 
lepton lines by quark lines 
but dominantly gg à H  

Ep = 7TeV, Ee = 60GeV, mH = 125GeV
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LHeC, a Higgs Facility  



(GeV)jjM
0 20 40 60 80 100 120 140 160 180 200

/1
0G

eV
-1

Ev
en

ts
/1

ab

0

500

1000

1500

2000

2500
higgs+bkg

CCjjj no top

CC single top
CC Z

NC Z

PAjjj

signal

18 

M.Kuze 
M.Tanaka 

Hàbb coupling, cut based analysis  

Veto efficiency of 
90% for photo-
production 
background is 
assumed,  using 
forward electron 
tagging 
 
Large signal to 
background 
achieved 
 
 
κ(Hbb) ~ 1% 
for 1 ab-1 

1 ab-1 

Results obtained with Delphes output 

Mass of 2 b-jets (GeV) 

S/B ~2.9 

�pjjj



First BDT results: Higgsà bb 
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[P=-0.8, BR=0.577] 

100 fb-1 

Expected accuracy with full data set: 
κ(Hbb) ~ 0.5% for 1000 fb-1   
Conservative light jet rejection factor of 10 is used 
 

Background: 
7 Hcc 
candidates 
with Hbb BDT 

U. Klein 

BDT cut >0.2 : 
Hbb Signal  

Using jet lifetime tags  



BDT Results Higgs→	cc	       	 
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BDT cut >0.2: Hcc Signal 
events : 474; S/√S+B=12.8   
à κ(Hcc) = 4% for 1000 fb-1   

Clear potential to access the 
Higgs to charm decay channel 
at the LHeC. 

U Klein and D Hampson. 
 

NEW : Using R = 0.5 anti-kt jets and ATLAS IBL vertex resolution (5 µm ) 
è Hcc candidates increased by factor 3.5 w.r.t. anti-kt R=0.9 jets  



Couplings: HL-LHC+LHeC 
HL-LHC HL-LHC + LHeC 

κ in % HL LHC LHeC  HL LHeC HE FCC-eh 

H à bb 10 0.5 0.3 0.2 
H à cc 50? 4 2.8 1.8 



22 
B.Biswal, R.Godbole, S.Kumar, B.M., 
S.Raychaudhuri , Phys.Rev.Lett. 109 (2012) 261801  
  

Model independent separation of HWW 
and HZZ coupling, unique capability of 
ep collisions, not available in pp and 
e+e- collisions  

Can consider azimuthal angle 
correlation between scattered 
neutrino and quark. Other 
observables can be used too. 

Structure of HVV couplings  
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Invisible Higgs 
Y.-L. Tang et al., 
Phys. Rev. D 94, 
011702 (2016) 

See Chen Zhang’s poster on exotic decays    



Top Yukawa coupling 

24 

Introduce phase dependent top Yukawa coupling   

Enhancement of the cross-
section as a function of phase 
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Ee = 120 GeV

B.Coleppa, M.Kumar, S.Kumar, B.M., Phys. Lett. B770 (2017)  335  

Observe/Exclude non-zero phase to better than 4σ. 
Measure coupling with 17% accuracy with zero phase 
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Diagrams made by MadGraph5_aMC@NLO
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Outlook and Conclusions 
q The LHeC has a vast physics program, further 

boosting the physics potential of the LHC 
q Unique capability to measure proton PDFs+αS, etc… 
q Critical to the LHC in the long term 
q Rich top physics, etc… 

q The LHeC is also a Higgs facility 
q Higgs produced via EW process 
§ Good theoretical control of the cross-section 

q No contamination from ggF and no pile-up 
q Strengths ep with respect to pp: 
§ hàbb(0.5%), cc(4%), tautau couplings 
§ Structure of hVV and top/bottom Yukawa couplings 

q Combination of ep/pp boosts precision of LHC 
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