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Introduction

> Discovery of h(125) milestone for SM

> But we need BSM physics (to explain
hierarchy problem, dark matter,...)

Search for new physics beyond the SM

SN

Precise measurements of h(125) Search for complex Higgs sector

properties to: » Additional Higgs bosons predicted by

> Assess whether h(125) is the SM many theoretical models
Higgs boson

» Constrain BSM models

.S S
A. Saggio: Extended scalar sector of the SM 1/19



Introduction

> Discovery of h(125) milestone for SM

> But we need BSM physics (to explain
hierarchy problem, dark matter,...)

Search for new physics beyond the SM

SN

Precise measurements of h(125) Search for complex Higgs sector

properties to: » Additional Higgs bosons predicted by

> Assess whether h(125) is the SM many theoretical models
Higgs boson

» Constrain BSM models

A. Saggio: Extended scalar sector of the SM 1/19



The theoretical framework

Higgs sector
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Two Higgs Doublets + one

additional complex singlet (e.g. MSSM: Type-Il 2HDM
NMSSM)
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> In 2HDM (and MSSM) couplings parametrized by tanf (doublet VEVs ratio) and
a (mixing angle between h and H)

A. Saggio: Extended scalar sector of the SM 2/19



Direct searches: where do we look?

» Different models predict a very broad range of my

» Covering the full range is crucial to maximize the sensitivity to different models
since no golden channel

Light resonances Heavy resonances
(h->aa, H->77, ...) (H, A H= )

| | »

125 m (GeV)
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In this talk...

» Heavy Higgs resonances:

> h/H/A — 77 (JHEP09(2018)007)
> bb(A/H — bb) (JHEP08(2018)113)
> HT = 7%, (CMS PAS HIG-18-014)

» Light Higgs resonances:

> hips — aa — 4p (arXiv:1812.00380)
> his — aa — 2u2b (arXiv:1812.06359)

> hips — aa — 2u27 (arXiv:1805.04865)
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In this talk...

> Heavy Higgs resonances:
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H/A/h — 777 (JHEPO9(2018)007)
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gg fusion bb associated production

> At LO, coupling of H/A to down-type fermions enhanced by tan(8) w.r.t. SM
> 7F77 decay mode provides sensitivity in MSSM at high tan()

> my range: 90 GeV =+ 3.2 TeV

> Final states: eu, uth, eth, ThTh
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H/A/h — 777 (JHEPO9(2018)007)
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H/A/h — 777 (JHEPO9(2018)007)

> Model independent limits: > Model dependent limits:
35.91b” (13 TeV) 3591 (13 TeV)
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MSSM Higgs boson excluded up to ma ~ 250 GeV for tanf3 > 6.
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bb(H/A—bb) (JHEP0s(2018)113)
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> Dedicated trigger selection

MS 357" (13 Tev)

4 oaa
Background
1. deviation

+2:td. deviation

> trgale b-tag in signal region
> 3™ b-tag veto in control region

Events / 15 GeV
"
<

> Ma,/n probed up to 1300 GeV

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

> . P
To improve background description C .mmx R mﬂn Hi Jh n;uuz}h

and reduce bias, my» distribution split 2F ) FE TR g
H 200 400 600 800 1000 1200 1400 1600
into three subranges M, [Gev]
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|
bb(H/A—bb) (JHEP0s(2018)113)

> Interpretation in MSSM (tan/3 vs.
ma)

» Model independent exclusion limits in
the three subranges
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HE — 7%, (cMs PAS HIG-18-014)

my+ < my —myp
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Events / bin
Events / bin

> my+ range: 80 < 3000 GeV
» Final states: m,+jets, I+, /+no 7,
» Final discriminant is transverse mass
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HE — 750, (cMs PAS HIG-18-014)

Lo +
> Interpretation in mh”"°d

benchmark

> Model independent exclusion limits
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> All tanf values excluded for
my+ < 150 GeV
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In this talk...

» Light Higgs resonances:

> hios — aa — 4p (arXiv:1812.00380)
> his — aa — 2u2b (arXiv:1812.06359)

> hips — aa — 2u27 (arXiv:1805.04865)
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|
h — aa — 4y (arxiv:1812.00380)

> m, range: 0.25 +— 8.5 GeV

> Di-muons constructed from pairs of OS muons sharing a common vertex and
M) < 9 GeV
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> 13 events in SR (A) and 9.90 + 1.24 (stat) + 1.84 (syst) from SM background
» No significant excess observed over SM background
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|
h — aa — 2u2b (arxiv:1812.06359)
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h — aa — 2u2b (arxiv:1812.06359)

> Interpretation in type-11l 2HDM+S
including 2u27 signal from b-jets

> Model independent exclusion limits - >
misidentification
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h — aa — 2u27 (arXiv:1805.04865)

> m, range: 16 +~ 60 GeV
> Final states: (up) (ep, 17h, €Th, ThTh)

> Search for a peak in the di-muon
spectrum
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> Model independent exclusion limits
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> Interpretation in type-11l 2HDM+S
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Conclusions

v

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

v

Searches for additional Higgs bosons presented in:

> Heavy A/H resonant searches

» Exotic his decays to light resonances

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

v

We will have several BSM results in the Higgs sector shortly

v

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

Type 1 Type 11 Lepton-specific Flipped
& | cosa/sinf3 cos o/ sin 3 cosa/sin cos o/ sin 3
& [ cosa/sin —sina/ cos 8 cosa/sinf —sina/ cos B
¢l cosa/sing —sina/ cos —sina/ cos cos o/ sin 3
&y | sina/sing sina/sin sina/ sin 3 sin o/ sin 3
&8 [sina/sin B cos af cos 3 sina/ sin 3 cosa/f cos 3
&8 [ sina/sing cos o/ cos 3 cosa/ cos I sin v/ sin 3
4 | cot B cot 3 cot 3 cot 3
&8 [ =cotB tan 3 —cot 3 tan
& | —cotB tan 3 tan 3 —cot

Table 2: Yukawa couplings of u,d, ¢ to the neutral Higgs bosons h, H, A in the four

different models. The couplings to the charged Higgs bosons follow Eq. 16.
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2HDM types

Two doublets ¢1 and ¢».
» Type-l: all SM particles couple to one doublet only;
> Type-ll: up-type quarks couple to ¢1, down-type quarks and leptons couple to ¢»
> Type-lll: quarks couple to ¢1, leptons to ¢»

> Type-1V: leptons and up-type quarks couple to ¢;, down-type quarks couple to ¢2
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BSM searches @Runl

2HDM indirect searches MSSM direct searches

» Several benchmark scenarios for
different phase space properties, e.g.
MSSM m%*, hMSSM

> The exclusion contours are derived
from h(125) coupling measurements
under the alignment limit assumption
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Down-type fermionic channels become

—0.1 < cos(f —a) < 0.1 interesting
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