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In collaboration with Jesús Moreno and Chan Beom Park,
based on JHEP 1508 (2015) 004 (arXiv: 1501.03799)

Vı́ctor Martı́n Lozano (IFT–UAM/CSIC) Singlet Higgs and Double Higgs Production VII CPAN Days 1 / 13



Introduction

The addition of a scalar singlet is the MINIMAL extension of the Higgs
sector.

Helps to stabilize the Higgs potential at high energy.

Induces 1st order Electroweak Phase Transition

Provides mass to right handed neutrinos.

Connects to DM sector:

Dark Matter candidate→ Z symmetry.
Acts as a portal.
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The Model

Potential,

V (Φ, S) = −µ2(Φ†Φ) + λ(Φ†Φ)2 +
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After EWSB,
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We assume that h is the scalar boson discovered at LHC (mh ∼ 125 GeV)
and mH > mh
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Constraints

Electroweak Precision Data

The Higgs boson is involved in 1-loop corrections to the electroweak
observables.

h
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=

H

sin2 α

+

These corrections are sensitive to both the Higgs mass and the Higgs
couplings

We consider the variables S, T and U, as well as a set of observables.
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Constraints

LHC Higgs Data

The mixing angle can be constrained from the SM-like Higgs boson signal
strength

µ

µexp
=

σ ×BR
σ ×BRexp

= cos2 α

µATLAS+CMS = 1.09± 0.10

sin2 α < 0.080(0.133) at 90% (95%) CL
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Constraints
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Constraints

LHC Heavy Higgs Data
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Heavy Higgs searches
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Double Higgs Production

Double Higgs production

Dominant decay: H → hh→ bb̄bb̄

Four jets
Poor reconstruction efficiency ∼ ε4b

Subleading decay: H → hh→ bb̄WW ∗

Fully hadronic: Reconstruction + jets
Leptonic: Missing Energy from
neutrinos→ difficulties reconstructing
the Higgs mass

H

h

h

H → hh→ bb̄WW ∗ → bb̄`+ν`−ν̄ is less vulnerable concerning jet
reconstruction but more challenging.
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Double Higgs Production

Benchmark Points
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mH = 400 GeV,
sin2 α = 0.06,
σ = 1.09 pb
mH = 260 GeV,
sin2 α = 0.09,
σ = 1.71 pb
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Double Higgs Production

Background

tt̄→ TOP ++

GGF, VBF h→ Pythia 8

Drell-Yan→ Pythia 8

hh→ HPair-Pythia 6

Rest→ Pythia 8
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Double Higgs Production
Cuts

mH = 400 GeV

mH = 260 GeV
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Double Higgs Production

Results
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Conclusions

LHC data are compatible with the minimal extension of the Higgs sector.

H → hh decay offers a new opportunity at the LHC.

The H → hh→ bb̄`+ν`−ν̄ channel is promising but also challenging.

A significance ∼ 3 is achieved for a LHC configuration of
√
s = 14 TeV

and L = 3000 fb−1. It should be combined with different channels.

Nice complementarity between this search, H → hh and the H → ZZ.
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