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Introduction

the predicted electroweak symmetry breaking mechanism of the SM

m Discovery of a neutral scalar particle of mass ~125 GeV (h) at the LHC confirmed |I

Is there only one
Higgs doublet
(SM) or the Higgs
sector is more
complex?

m Various BSM models predict additional Higgs bosons:
Additional EW singlet: h, H
Two Higgs Doublet Model (2HDM): h, H, A, H*
Two Higgs doublet + singlet Model
Higgs triplet models (SM doublet + triplet): H**

Experimental
results show
consistency
with the SM
Higgs boson

A curated
selection of
ATLAS results
presented
here
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13 TeV, 36.1 fb -, arXiv:1709.07242

Heavy Neutral Higgs: H/A— T " T~

¢ Two T decay modes considered:

= All hadronic final state (7 ;.4 T 11.q), 0 b-jets

m Semileptonic final state (T, T y,4), 0 b-jets

¢ Leptonic and hadronic tau triggers

& Discriminant is total transverse mass:

migt = \/ (3

Background
estimate from a
combination of
data-driven and

simulation based
methods

Main
backgrounds:
misidentified jet
as T
Z =TT
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o x B(¢ — 77) [pb]

+ 13 TeV, 36.1 fbl. arXiv:1709.07242

Heavy Neutral Higgs: (bb)H/A— T 7T~
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95% CL limit on o(gg — H) x B(H — ZZ) [pb]
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m High mass Higgs in H — ZZ — 11ll:

m HighmassHiggsinH—>ZZ—1lv v:

m 2 leptons consistent with originating from a Z 102
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m 2 same-flavour opposite-sign (OS) lepton pairs

= Discriminating variable: my

13TeV, 36.1 fbl. arXiv:1712.06386

Heavy Neutral Higgs: H > Z2Z — (Il /1llv v) |.
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13TeV, 36.1 fb-l. arXiv:1710.01123
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Heavy Neutral Higgs: H > WW — eV v |'

. > T
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13TeV, 36.1 fbl. arXiv:1712.0

6518
+ 7
Vh resonances

m 0-/1-lepton combined limits
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m 5 fits are performed according to the signal interpretation: 10
m Z’,W’

m  Exclusion contours in broad HVT and 2HDM parameter space

m A in gluon-gluon fusion and b-quark associated production
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8 TeV,

+
Heavy Neutral Higgs:

m 1lepton (e or ), 4 jets, Emiss

m Precise interference treatment:

m Interference effect between the signal process and
Standard Model (SM) t{tbar production, which are
expected to distort the signal shape from a single
peak to a peak-dip structure

m The 95% CL expected and observed upper
limits on the signal strength u for a type-II
2HDM in the alignment limit:

m only a pseudoscalar A (left)

H/A/h — ttbar

20.3 fb'l. PRL 119 (2017) 191803

m only a scalar H (middle)

m the mass-degenerate scenario my=my (right)
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13 TeV, 14.7 fb-!. ATLAS-CONF-2016-088

Charged Higgs: H*-— T v
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13 TeV, 13.2 fb-l. ATLAS-CONF-2016-089

+ .
Charged Higgs: H*- — tb

At high mass H* — tb is the dominant decay mode

in type-II 2HDM

Events / 0.036

1 lepton (e or ), = 4 jets (2 2 b-jets)

Multiple regions based on N(jets) and N(b-jets) to
constrain the tt+21b and tt+=1c backgrounds
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13 TeV, 36.1 fbl. arXiv:1710.09748
+ .
Charged Higgs: H* "H-— 17171 I

Drell-Yan production of a H** H- - pair decaying into two pairs of same-sign leptons ot
q <
2,3 or 4 leptons (e or ), veto events with b-jets R YA
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13 TeV, 13.3 fb-l. ATLAS-CONF-2016-049

+
Di-Higgs production: hh — 4b

m Di-Higgs production is extremely rare in the SM, but new

particles can yield di-Higgs resonances >1b-tag track-jet
(R=0.2) in each fat-jet

Boosted
>2 trimmed fat-jets (R=1.0, 450/250 GeV)

m Background (multi-jet) events selected using standard -—‘f_é —r ————l
requirements except only one b-tagged dijet is required 57 An(hh)
% .
®m Normalisation and kinematic corrections derived in sideband region < hi2s mass constraint

m Description validated in control region
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®m Resonant: counting inm. , and my; , , window

95% CL limit on 6,xBR, _,, [pb]

13 TeV, 3.2 fb-!. ATLAS-CONF-2016-004

Di-Higgs production:hh = bb ¥y v

Analysis categories:

m Signal region: 2 photons and 2 b-jets (85% efficiency) — 2-tag category

m Control region: 2 photons and 2 non b-tagged jets — 0-tag category

Main backgrounds: SM Higgs (small, from MC), v v/ 7 j/jj
continuum (large, data-driven)

Simultaneous fit in m, , for O-tag CR and 2-tag SR

Non-resonant: unbinned fit to m, , spectrum
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Comparing searches — e.g., in the hMSSM
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Exotic decay searches

><1O3
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Unconventional searches

m Unconventional dark/hidden sector coupled to Higgs via light dark fermions
radiating low mass dark photons: weak interaction, highly collimated groupings of

leptons (or lepton-jets)

Long-lived particles with lifetime parameter
widely ranged as free parameters, inducing
rich and challenging set of decay topologies

95% CL Upper Limit on # " BR [pb]

f
.- ; H—LLPs — jets

’=o< f 13TeV,3.2 fb!
7 ATLAS-CONF-2016-103

fs=13TeV 3.2fb"
mg = 1000 GeV

m, = 50 GeV
— mg =150 GeV
—— m, = 400 GeV
ATLAS Preliminary

IIIIII 1 IIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1
102 10" 1 10
s proper decay length [m]

10"

» Higher-mass
y .
------------ v H — Lepton-ijets
13 TeV, 3.4 fb-!
 ATLAS-CONF-2016-042
v

S | ATLAS Preliminary

< [ 384f'{s=13TeV FRVZ 2y model

:‘1 i m,, = 800 GeV r%Y = 400 MeV

&10E

1 C

5 -

m —

g |

g

§ 10

= Bt P D
|

-

o —

g

—_

—— observed limit expected + 20

-- expected limit [ expected = 1o

.10—1 Ll 1
1 10 10°
Dark photon ct [mm]




s .
Conclusions

m ATLAS is highly active in searching for BSM phenomena in the Higgs sector.

m Effort to cover maximum topologies

m Robust program of BSM Higgs searches presented in this talk:
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m  Neutral Higgs in Fermion Final States
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m Neutral Higgs in Boson Final States

m Charged Higgs
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m Resonance Scans

o 46.9 fb-! recorded in 2017
= Di-Higgs >120 fb! expected for full Run 2
m Exotic decays
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m Impressive agreement with the SM expectations but we ar¢ just getting started

New signatures /
More data yet to come

Expanded coverage

Stay tuned!
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