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Introduction

I Discovery of h(125) milestone for SM
I But we need BSM physics (to explain

hierarchy problem, dark matter,...)

Search for new physics beyond the SM

Precise measurements of h(125)
properties to:

I Assess whether h(125) is the SM
Higgs boson

I Constrain BSM models

Search for complex Higgs sector
I Additional Higgs bosons predicted by

many theoretical models
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The theoretical framework

I In 2HDM (and MSSM) couplings parametrized by tanβ (doublet VEVs ratio) and
α (mixing angle between h and H)
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Direct searches: where do we look?

I Different models predict a very broad range of mX

I Covering the full range is crucial to maximize the sensitivity to different models
since no golden channel
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In this talk...

I Heavy Higgs resonances:
I h/H/A → ττ (JHEP09(2018)007)

I bb(A/H → bb) (JHEP08(2018)113)

I H± → τ±ντ (CMS PAS HIG-18-014)

I Light Higgs resonances:
I h125 → aa → 4µ (arXiv:1812.00380)

I h125 → aa → 2µ2b (arXiv:1812.06359)

I h125 → aa → 2µ2τ (arXiv:1805.04865)
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H/A/h → τ+τ− (JHEP09(2018)007)

gg fusion bb associated production

I At LO, coupling of H/A to down-type fermions enhanced by tan(β) w.r.t. SM
I τ+τ− decay mode provides sensitivity in MSSM at high tan(β)

I mX range: 90 GeV ÷ 3.2 TeV

I Final states: eµ, µτh, eτh, τhτh
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H/A/h → τ+τ− (JHEP09(2018)007)

I Fine event categorization to best
exploit kinematical peculiarities of
MSSM

I Final discriminat: transverse mass
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H/A/h → τ+τ− (JHEP09(2018)007)

I Model independent limits: I Model dependent limits:

MSSM Higgs boson excluded up to mA ∼ 250 GeV for tanβ > 6.
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bb̄(H/A→bb̄) (JHEP08(2018)113)
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I Dedicated trigger selection
I triple b-tag in signal region
I 3rd b-tag veto in control region

I MA/H probed up to 1300 GeV

I Signal extraction from invariant mass
of the two leading b-jets (m12)

I To improve background description
and reduce bias, m12 distribution split
into three subranges
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bb̄(H/A→bb̄) (JHEP08(2018)113)

I Model independent exclusion limits in
the three subranges
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I Interpretation in MSSM (tanβ vs.
mA)
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H± → τ±ντ (CMS PAS HIG-18-014)

mH± < mt −mb mH± > mt −mb

I mH± range: 80 ÷ 3000 GeV
I Final states: τh+jets, l+τh, l+no τh
I Final discriminant is transverse mass
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H± → τ±ντ (CMS PAS HIG-18-014)

I Model independent exclusion limits
I Interpretation in mmod+

h benchmark

I All tanβ values excluded for
mH± < 150 GeV
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h → aa → 4µ (arXiv:1812.00380)

I ma range: 0.25 ÷ 8.5 GeV
I Di-muons constructed from pairs of OS muons sharing a common vertex and

m(µµ) < 9 GeV
I SR: m(µµ)1 ' m(µµ)2

I 13 events in SR ( ) and 9.90 ± 1.24 (stat) ± 1.84 (syst) from SM background
I No significant excess observed over SM background
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h → aa → 2µ2b (arXiv:1812.06359)

I ma range: 20 ÷ mh125 /2 GeV

I SR: m(µµ) ' m(bb) ' ma

I Categories defined according to b-tag
WP (TT, TM, TL)

I m(µµ) final discriminant

I Signal selection optimised for 2µ2b
process, but h → aa → 2µ2τ
contributes if τh misidentified as
b-jets
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h → aa → 2µ2b (arXiv:1812.06359)

I Model independent exclusion limits
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I Interpretation in type-III 2HDM+S
including 2µ2τ signal from b-jets
misidentification
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h → aa → 2µ2τ (arXiv:1805.04865)

I ma range: 16 ÷ 60 GeV
I Final states: (µµ) (eµ, µτh, eτh, τhτh)
I Search for a peak in the di-muon

spectrum

I Model independent exclusion limits I Interpretation in type-III 2HDM+S
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Conclusions

I Observed Higgs boson at mass 125 GeV a portal to BSM physics

I Searches for additional Higgs bosons presented in:
I Heavy A/H resonant searches

I Exotic h125 decays to light resonances

I Very successful start of BSM Higgs boson searches for LHC Run-2

I We will have several BSM results in the Higgs sector shortly

I Looking forward to analyses of the full LHC Run-2 dataset with ∼ 150/fb!
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2HDM couplings
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2HDM types

Two doublets φ1 and φ2.

I Type-I: all SM particles couple to one doublet only;

I Type-II: up-type quarks couple to φ1, down-type quarks and leptons couple to φ2

I Type-III: quarks couple to φ1, leptons to φ2

I Type-IV: leptons and up-type quarks couple to φ1, down-type quarks couple to φ2

A. Saggio: Extended scalar sector of the SM 21 /19



BSM searches @RunI

2HDM indirect searches

I The exclusion contours are derived
from h(125) coupling measurements
under the alignment limit assumption
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MSSM direct searches

I Several benchmark scenarios for
different phase space properties, e.g.
MSSM mmod+

h , hMSSM
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Down-type fermionic channels become
interesting
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