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Double Higgs Production at 

the FCC-he



LHeC, a Higgs Facility

M.Klein

What about the FCC-he option?D
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Future Circular Collider



Pre-Feasibility Study for an 80-km tunnel at CERN
- John Osborne and Caroline Waaijer

even better
100 km?

Lake-side option kept for further studies

For a Very High Energy Hadron Collider ranging from 42 TeV (8.3T LHC magnets) to 

100 TeV (20T very high field magnets with HTS), and could house first an e+e- collider 

TLEP up to 350 GeV

4
HE Frontier, European Strategy

P. Jenni
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Feynman rules for the interactions of the scalar boson 

with gauge bosons, fermions and self-interactions.

Exploring the feasibility of the HHH coupling via 

double-Higgs boson production
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HWW coupling well probed at LHeC. However, physics in 

hh production can also be due to HHWW, which is not 

constrained.
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Effective vertices. Note the dependence on momenta in non-SM 

vertices. This induces significant impact on scattering kinematics. 
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Cross-sections 

in the SM

Considering highly 

asymmetric 

collisions



10

Complete destructive 

interference at ~1.6



This is a important discriminator 

to distinguish EW from QCD 

multi-jet production

Scattered quark is more forward 

in signal 

This is an important 

characteristic of SM production 

in VBF that is, in turn, sensitive 

to coupling structures. Strong 

advantage of the LHeC

Parton level
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Background classification

Particularly 

dangerous 

background

(Charm and light partons also considered)
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Tree-level cross-sections with Madgraph. Generation requires 

pT>10 GeV for partons and MET, ΔRjj>0.4, ΔRll>0.2.
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Note how forward the scattered quark is 

Need b-tagging in forward region

U
s
e
 P

y
th

ia
 +

 D
e
lp

h
e
s



15

The reconstruction of Missing ET is critical to the suppression of 

the photo-production background. Lack of pile-up in ep 

collisions is critical to search feasibility.
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B-jet invariant mass distributions are used to further suppress 

background. Mass windows are defined following optimization 

procedure
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Final event selection

Require 4-btags. Forward 

jet is leading non-b-jet. 

Leading b-jet pair 

contains leading b-jet.
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Event yield normalized to 10 ab-1

(assume btagging ε=70%)
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Error determination of λ, 20% for SM
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95% CL limits on different couplings



Outlook and Conclusions

First look at search for double Higgs boson 

production at high-energy collisions ep 

collisions

E
e
=60 GeV, E

p
=50 TeV. Highly assymetric collisions. 

Requires very forward jet tagging and b-tagging

May achieve S/B>1 

May reach more than 5σ effect with 20% 

measurement of λ for 10 ab
-1

ep offers possibility of exploring structure of hhh, 

hhWW couplings

Sensitivity to non-SM couplings explored

Promising results, to be validated with full 

simulation studies
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