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Motivation for Higgs Physics
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• A most precise determination of the Higgs 

properties will be a glorious landmark of human 

civilization that undoubtedly exhibits the meaning 

of human existence.

• =>Fundamental Curiosity

• A most precise determination of the Higgs 

properties will shape our understanding of the 

universe in a deepest possible manner.

• =>Fundamental Paradigm



Collider Type Consideration

• Hadron Colliders: (HL-)LHC, FCC-hh

• Large signal cross sections but not-so-clean environment

• Electron-Positron Colliders: FCC-ee, CEPC, ILC, CLIC

• Small signal cross sections but clean environment

• Ideal for Higgs studies in many channels

• Project schedule/availability is subject to large uncertainties

• Lepton-Hadron Colliders: LHeC (Large Hadron Electron Collider), FCC-eh

• Signal cross sections comparable to lepton colliders

• Much cleaner than pp => suited for improving dirty channels at pp

• Expected to run synchronously with the corresponding pp machine

• Cost much less than a fully new lepton collider
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LHeC and FCC-eh

• LHeC:

• 60 GeV electron (with -0.8 polarization) times 7 TeV proton (√s=1.3TeV)

• Expected to run synchronously with the HL-LHC, integrated luminosity ~1ab-1(default)

• Higgs production: WW fusion~200fb, ZZ fusion~25fb

• FCC-eh:

• 60 GeV electron (with -0.8 polarization) times 50TeV proton (√s=3.5TeV)

• Expected to run synchronously with the FCC-hh, integrated luminosity ~O(1)ab-1

• Higgs production: WW fusion~1000fb, ZZ fusion~150fb
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Higgs to bb at the LHeC: Cut-Based Results
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• Higgs to bb at the LHeC: using CC channel, 

detector-level cut-based study performed by 

M. Kuze & M. Tanaka.

• Forward electron tagging vetoes 90% of PHP 

backgrounds.



Higgs to bb/cc at the LHeC: BDT Analysis
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Invisible Higgs Decay at the LHeC & FCC-eh

• Invisible Higgs Decay: Important constraint on DM

• Using ZZ fusion channel, signature: electron+jet+MET

• No counterpart of QCD Vjj backgrounds

• 2σ upper limit at LHeC: BR~5.5% (BDT Analysis)

• 2σ upper limit at FCC-eh: BR~1.7% (BDT Analysis)
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Parton level study: Tang, Zhang and Zhu, PRD94, 011702(R)(2016)  BDT study: M. Kuze, S. Kawaguchi, T. Sekine



Exotic Higgs Decay h→2φ → 4b at the LHeC and FCC-eh

• Exotic Higgs Decay h→2φ→ 4b: Well-motivated, Difficult at (HL-)LHC
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LHeC, 

parton-level

1ab-1, FCC-eh, detector level study: U. Klein, M. o’Keefe

LHeC parton level study: Liu, Tang, Zhang, Zhu, EPJC(2017)77:457



Precision of Signal Strengths at the LHeC/FCC-eh
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Note: Very preliminary results



Prospects of Higgs Couplings at the LHeC
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Note: Very preliminary results



Top-Higgs Coupling at the LHeC
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• Top-Higgs associated production: sensitive to relative phase and magnitude of htt

and hWW couplings

Precision on tth coupling using t+h

production at ep colliders: 

17% at LHeC and ~2% at FCC-eh

B. Coleppa et al., PLB 770(2017)335



Di-Higgs Production at the FCC-eh
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• Di-Higgs production: probing h3 and hhVV couplings (M. Kumar, X. Ruan, R. Islam, A. S. Cornell, M. Klein, U. Klein & B. 

Mellado, PLB 764(2017)247).  Anomalous hWW couplings can also be probed at the LHeC using azimuthal 

angle correlations (S. S. Biswal, R. M. Godbole, B. Mellado, & S. Raychaudhuri et al., PRL 109, 261801(2012)).



Probing Extended Higgs Sector at the LHeC & FCC-eh
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• NMSSM:

• Light neutral CP-even Higgs @LHeC: e+2b+j or 2b+j+MET. (S. P. Das & M. Nowakowski, PRD 96, 

055014(2017))

• Light charged Higgs @FCC-eh: b+2j+MET.  (S. P. Das, J. Hernández-Sánchez, S. Moretti & A. Rosado, 

1806.08361)

• Two Higgs Doublet Model:

• Type I CP-even Higgs @LHeC & FCC-eh. (C. Mosomane, M. Kumar, A. S. Cornell & B. Mellado, 

1707.05997)

• Type III Flavor-violating Higgs @LHeC: b+2j+MET. (S. P. Das, J. Hernández-Sánchez, S. Moretti, A. 

Rosado, R. Xoxocotzi, PRD 94, 055003 (2016))

• Georgi-Machacek Model:

• Doubly charged Higgs @LHeC & FCC-eh: same-sign dimuon+j+MET. (H. Sun, X. Luo, W. Wei & T. 

Liu, PRD 96, 095003 (2017)).

• Singly charged Higgs @LHeC & FCC-eh: 3l+3j. (G. Azuelos,  H. Sun & K. Wang., PRD 97, 116005 

(2018)).
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Summary
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• The LHeC & FCC-eh project

• LHeC: 60 GeV electron times 7TeV proton (√s=1.3TeV), synchronous with HL-LHC

• FCC-eh:  60 GeV electron times 50TeV proton (√s=3.5TeV), synchronous with FCC-hh

• Highlights of Higgs physics at the LHeC and FCC-eh

• The LHeC & FCC-eh offer an excellent opportunity to improve Higgs-related measurements by 

maximally exploiting the infrastructure of future high-energy hadron colliders. If a lepton collider 

is not available, then the ep machine will be our best imaginable (perhaps only) option to boost 

Higgs-related measurements beyond what can be achieved at the corresponding hadron collider.

LHeC (1ab-1) FCC-eh (1ab-1)

BottomYukawa 0.5% 0.2%

Charm Yukawa 4% 1.8%

Other Interesting 

Measurements

Invisible & exotic Higgs decays, tth, hVV, 

hhVV, di-Higgs, extended Higgs sector, etc.
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