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+ Introduction 

n  Discovery of a neutral scalar particle of mass ~125 GeV (h) at the LHC confirmed 
the predicted electroweak symmetry breaking mechanism of the SM 

n  Various BSM models predict additional Higgs bosons: 
n  Additional EW singlet: h, H 
n  Two Higgs Doublet Model (2HDM): h, H, A, H± 

n  Two Higgs doublet + singlet Model 
n  Higgs triplet models (SM doublet + triplet): H±± 

09/01/18 
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Experimental 
results show 
consistency 
with the SM 
Higgs boson 

Is there only one 
Higgs doublet 

(SM) or the Higgs 
sector is more 

complex? 

A curated 
selection of 

ATLAS results 
presented 

here  
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Heavy Neutral Higgs:  H/A → τ+τ- 

u  Two τ decay modes considered: 

n  All hadronic final state (τhadτhad), 0 b-jets 

n  Semileptonic final state (τlepτhad), 0 b-jets 

u  Leptonic and hadronic tau triggers 

u  Discriminant is total transverse mass: 

09/01/18 
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Background 
estimate from a 
combination of 
data-driven and 

simulation based 
methods   

13 TeV, 36.1 fb -1. arXiv:1709.07242 
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Main 
backgrounds: 

misidentified jet 
as τ 

Z  → τ+τ- 
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hMSSM scenario
 95% CL limitsττ → A/H

Observed
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σ  1±
σ  2±

 2015ATLAS

Heavy Neutral Higgs:  (bb)H/A → τ+τ- 

u  Associated production with b-jets (≥ 1 b-jet) 

u  Main backgrounds: misidentified jet as τ and 
ttbar 

u  Assuming negligible width wrt experimental 
resolution for model-independent limits 

n  Interpretation in the hMSSM: excluded tanβ> 
1.0 for mA= 250GeV and tanβ > 45 for mA= 
1.5TeV 
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13 TeV, 36.1 fb-1. arXiv:1709.07242 
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Heavy Neutral Higgs:  H → ZZ →  (llll / llνν) 

n  High mass Higgs in H → ZZ → llll: 

n  2 same-flavour opposite-sign (OS) lepton pairs 

n  Discriminating variable: m4l 

n  High mass Higgs in H → ZZ → llνν: 

n  2 leptons consistent with originating from a Z 

n  Discriminating variable:  

n  NWA for ggF and VBF, and LWA (1-10% of mH) for ggF 
signal hypothesis tested 
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13 TeV, 36.1 fb-1. arXiv:1712.06386 
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Interpretation in  
context of 2HDM 

mA = mH 

The interference between the heavy scalar and the SM Higgs boson as well as 
between the heavy scalar and the gg → Z Z continuum bkg are taken into account 
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Heavy Neutral Higgs:  H → WW → eνμν 

n  Search for OS lepton pair (e or μ) 

n  Discriminating variable:  

n  Three event categories: 

n  2 VBF,  (Njet =1) and (Njet ≥ 2) 

n  1 ggF, inclusive in Njet but excluding VBF categories 

n  Narrow and Large width (ggF and VBF) signal hypotheses 
 

6 
13 TeV, 36.1 fb-1. arXiv:1710.01123 

Interpretation in context of 2HDM 
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95% CL limit

Vh resonances 

n  Z’ / A → Zh → (ll/νν)bb 
n  0-/2- lepton combined limits 

n  W’  → Wh → lνbb 

n  0-/1- lepton combined limits 

n  5 fits are performed according to the signal interpretation: 
n  Z’, W’ 

n  Exclusion contours in broad HVT and 2HDM parameter space 

n  A in gluon-gluon fusion and b-quark associated production 

§  Use of "Higgs tagger" at high mA mass hypothesis (better 
than traditional b-jets) 
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13 TeV, 36.1 fb-1. arXiv:1712.06518 
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Heavy Neutral Higgs:  H/A/h → ttbar 

n  1 lepton (e or μ), ≥ 4 jets, Et
miss 

n  Precise interference treatment:  
n  Interference effect between the signal process and 

Standard Model (SM) ttbar production, which are 
expected to distort the signal shape from a single 
peak to a peak-dip structure 

n  The 95% CL expected and observed upper 
limits on the signal strength μ for a type-II 
2HDM in the alignment limit: 
n  only a pseudoscalar A (left) 

n  only a scalar H (middle) 

n  the mass-degenerate scenario mA=mH (right)  
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8 TeV, 20.3 fb-1. PRL 119 (2017) 191803   
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; hMSSM scenarioio A +H

Charged Higgs:  H+/- → τν 

n  Significant for a large range of masses for high 
tanβ in MSSM 

n  1 hadronic τ, veto events with e or μ, ≥ 3 jets 
(≥ 1 b-jet), ET

miss 

n  Discriminating variable: 

n  Main backgrounds: 

n  misidentified jet as τ,  ttbar and single top 

L.Cerdá 
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n  Interpretation in 
the hMSSM: 
tanβin the range 
42 - 60 excluded 
for mH±= 200GeV 

 

13 TeV, 14.7 fb-1. ATLAS-CONF-2016-088 
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4j(2b) 5j(2b)
+LFtt

c+ctt
b+btt

Single-top
ttV
ttH
W+jets
Z+jets, VV
Multi-jets

SimulationATLAS 

6j(2b)≥ 3b)≥4j( 3b)≥5j(≥

Charged Higgs:  H+/- → tb 

n  At high mass H± → tb is the dominant decay mode 
in type-II 2HDM 

n  1 lepton (e or μ), ≥ 4 jets (≥ 2 b-jets ) 

n  Multiple regions based on N(jets) and N(b-jets) to 
constrain the tt+≥1b and tt+≥1c backgrounds 

n  Discriminating variable:  
n  Signal Region: BDT score (HT

had, pT
j1, mbb, ΔRbb…) 

n  Control Region: HT
had 

n  Main backgrounds: 

n  ttbar + jets                                                     
dominated by                                                           
ttbar+ ≥1b  
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13 TeV, 13.2 fb-1. ATLAS-CONF-2016-089 
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Charged Higgs:  H+ + H- - → l+ l+ l- l- 
n  Drell-Yan production of a H++ H- - pair decaying into two pairs of same-sign leptons 

n  2, 3 or 4 leptons (e or μ), veto events with b-jets 

n  Discriminating variable: ml±l± or M = (m+ + + m- -)/2 

n  Main backgrounds: Diboson, Misidentified leptons, Leptons with misidentified charge 

n  Set limits on σ assuming various BR into e±e±, e±μ± or μ±μ±,  and for HL
±± or HR

±± 

n  m(HL
±± ) > 770 – 870 GeV,  m(HR

±± ) > 660 – 760 GeV   

11 
13 TeV, 36.1 fb-1. arXiv:1710.09748 

q̄

q

Z/�⇤

H++

H��

`+

`+

`�

`�

E
ve

n
ts

0

10

20

30

40

50
ATLAS

-1=13 TeV, 36.1 fbs
)±µ±SR1P2L (e

Data Total SM
Diboson Fakes
Top

(X) = 80%B) = 20%, ±µ±(eB

) = 450 GeV± ±m(H

(X) = 50%B) = 50%, ±µ±(eB

) = 650 GeV± ±m(H

(X) = 50%B) = 50%, ±µ±(eB

) = 850 GeV± ±m(H

) [GeV]±µ±m(e
300 400 500 1000 2000

D
a
ta

/S
M

0
0.5

1
1.5

2



N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

+

2

 [GeV]
KKG*m

500 1000 1500 2000 2500 3000

 [f
b]

bbb
 b

→
 h

h 
→ 

KK
 G

*
→

pp
σ

1

10

210

310

410
 = 1.0PlMBulk RS, k/

Observed Limit (95% CL)
Expected Limit (95% CL)

σ 1±Expected 
σ 2±Expected 

Resolved Boosted

ATLAS Preliminary
 = 13 TeVs

-1 Ldt = 13.3 fb∫

 [GeV]JJm
0 500 1000 1500 2000 2500 3000 3500

Ev
en

ts
 / 

10
0 

G
eV

2

4

6

8

10

12

14

 [GeV]2Jm
0 500 1000 1500 2000 2500 3000 3500D

at
a 

/ B
kg

d

1
2
3
4

ATLAS Preliminary
-1=13 TeV, 13.3 fbs

Signal Region, Boosted 4-tag

Data
Multijet
tt
Stat+Syst

100×G(2000)

Di-Higgs production:  hh → 4b 
n  Di-Higgs production is extremely rare in the SM, but new 

particles can yield di-Higgs resonances 

n  Background (multi-jet) events selected using standard 
requirements except only one b-tagged dijet is required 
n  Normalisation and kinematic corrections derived in sideband region 

n  Description validated in control region 

n  Different sets of triggers used for                                                            
2015 and 2016 due to LHC conditions 

n  Limits on Bulk RS GKK Models 
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n  Non-resonant (resolved): 

σ(pp → hh → bbbb) =  330 fb 

29 * σSM (pp → hh → bbbb)  

 

 

13 TeV, 13.3 fb-1. ATLAS-CONF-2016-049 
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Di-Higgs production: hh → bbγγ 
 n  Analysis categories: 
n  Signal region: 2 photons and 2 b-jets (85% efficiency) → 2-tag category 

n  Control region: 2 photons and 2 non b-tagged jets → 0-tag category 

n  Main backgrounds: SM Higgs (small, from MC), γγ/γj/jj 
continuum (large, data-driven) 

n  Simultaneous fit in mγγ for 0-tag CR and 2-tag SR 

n  Non-resonant: unbinned fit to mγγ spectrum 

n  σ(pp → hh ) = 3.9 fb 

n  120 * σSM (pp → hh )  

n   Resonant: counting in mγγ and mbbγγ window 

13 
13 TeV, 3.2 fb-1. ATLAS-CONF-2016-004 
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+ Comparing searches – e.g., in the hMSSM 
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νν 4l/ll→ ZZ→H
-1 = 13 TeV, 36.1 fbs
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-1 = 13 TeV, 36.1 fbs
ATLAS-CONF-2017-055
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hMSSM, 95% CL limits
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Exotic decay searches 

n  h → aa → 4b  

15 

13 TeV, 3.2 fb-1. EPJC 76 (2016) 605    

n  h → Invisible  13 TeV, 36.1 fb-1. PLB 776 (2017) 318  

Assuming SM Zh 
production cross-section 
 
 

 

 
 
 
 
 
Upper limits on the h125 BR 
to invisible: 67%(39%)  

Search for a Higgs boson 
decaying to a pair of new 
spin-zero particles, 
which decay to b-quarks 
 

In association with a W 
boson, giving rise to a 
signature of a lepton (e 
or μ), missing ET  
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n  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)  

n  Long-lived particles with lifetime parameter                                                         
widely ranged as free parameters, inducing                                                               
rich and challenging set of decay topologies  
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Unconventional searches 
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13 TeV, 3.4 fb-1 
ATLAS-CONF-2016-042 
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+ Conclusions 

n  ATLAS is highly active in searching for BSM phenomena in the Higgs sector.  
n  Effort to cover maximum topologies 

n  Robust program of BSM Higgs searches presented in this talk: 
n  Neutral Higgs in Fermion Final States 

n  Neutral Higgs in Boson Final States 

n  Charged Higgs 

n  Resonance Scans 

n  Di-Higgs 

n  Exotic decays 

n  Unconventional searches 

n  Impressive agreement with the SM expectations but we are just getting started 

09/01/18 L.Cerdá 
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New signatures 

Expanded coverage 

More data yet to come 

Stay tuned! 

46.9 fb-1 recorded in 2017 
>120 fb-1 expected for full Run 2 


