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/16Introduction 2

One doublet of complex scalar fields 

is the minimal content of the Higgs sector 

for spontaneous symmetry breaking.


Several theories beyond the SM 

predict a non-minimal Higgs sector 

and introduce charged scalar fields.
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Widely investigated extension: two-Higgs-doublet models (2HDMs)

Five Higgs bosons: CP-even h0, H0, CP-odd A, H±

Four types depending on the coupling (Φ1, Φ2: Higgs doublets)


hMSSM: type-II, mh = 125 GeV, described with the parameters entering 
the tree-level expressions for masses and mixing (“model independent”)


Many other extensions: three-Higgs doublet models (3HDMs) allowing light H±, 
the Georgi–Machacek (GM) model and type-II seesaw model 
both including Higgs triplet and doubly charged Higgs H±±, …

Extended Higgs Sector and Charged Higgs 3

2HDM Type Up-type quarks couple to Down-type quarks couple to Charged leptons couple to

Type-I �2 �2 �2

Type-II �2 �1 �1

Lepton-specific �2 �2 �1

Flipped �2 �1 �2

← MSSM

CERN-EP-2024-094
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Experimental signatures defined by the charge, coupling, and mass of H+/H++.


The searches are designed to enrich one or several signal regions in events 
with the expected signal signature. Multivariate analyses used in most searches.
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Figure 7: Illustrative Feynman diagram for the VBF production of a charged Higgs boson with subsequent decay into
vector bosons.

and signal events are kinematically quite different from typical background events, but at lower masses the
discrimination becomes weaker. The final discriminant is the output score of the neural network. The �

+

mass range explored is 200–2000 GeV. Above an �
+ mass of about 1 TeV the jets tend to merge, resulting

in a loss of acceptance which could be recovered in a dedicated boosted analysis with large-radius jets.

N+ ! cb
The search for �+

! 21 [90] focuses on �
+ production in CC̄ decays, in a mass range of 60–160 GeV.

One top quark decays into �
+
1, and the other top quark is required to decay into ,1 and then to a lepton,

which is used to select such events via single-lepton triggers. The leptons must have a ?T greater than
27 GeV. To enter the signal regions, the events must also contain at least four jets, and at least three
are required to be 1-tagged. The fourth jet is assumed to come from the hadronization of the 2-quark,
although no dedicated 2-tagger is used. The 1-tagging uses the DL1r algorithm and four working points
corresponding to different 1-tagging efficiencies, which is also called pseudo-continuous 1-tagging. The
events are eventually grouped into six signal-enriched categories: 4j3b, 5j3b, 6j3b, 4j4b, 5j�4b and 6j�4b.
The final discriminant is the output score of a neural network in regions with exactly three 1-jets, and the
total event yield is used in regions with four or more 1-jets.

3.2.2 Charged Higgs bosons decaying into bosons

The charged Higgs boson can also decay into bosons. This was investigated by ATLAS in the ,0 [92] and
,/ [93] final states. The decay into ,0 requires the presence of another scalar (0), which is assumed
to be light in that ATLAS search. Such a signature is typical for 2HDM+0 scenarios. More generally,
the decay of the charged Higgs boson to final states with a , boson and a neutral Higgs boson can have
sizeable branching fractions in large phase-space regions of the 2HDM.
The,/ decay channel was explored in the GM model, which predicts a fermiophobic charged Higgs boson
with large couplings to vector bosons. This enables the production of the charged Higgs boson through
VBF, and its subsequent decay into vector bosons, displayed in Figure 7. In the 2HDM, this process is
strongly suppressed.

N+ ! ]+a
The search for �+

! ,
+
0 [92] considers light �+ mass hypotheses in the range of 120–160 GeV and also

assumes the existence of a new light scalar 0 that has a mass of 15–72 GeV and decays into `
+
`
�. This

is a specific choice made in the analysis; the 0-boson could decay differently, but the dimuon channel is

17

H+ coupling to fermions

High mass H+ production Low mass H+ production

H+ coupling to bosons
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Target decay Integrated L Reference
H+ → τ+ ν 36 fb-1 JHEP 09 (2018) 139
H+ → t b 139 fb-1 JHEP 06 (2021) 145
H+ → c b 139 fb-1 JHEP 09 (2023) 004
H+ → c s 140 fb-1 Submitted to EPJC New!

1) Singly charged Higgs bosons decaying into fermions

pp collision with 13 TeV

2) Singly charged Higgs bosons decaying into bosons

H+ → W+ Z 139 fb-1 EPJC 83, 633 (2023), JHEP 06 (2021) 146
H+ → W+ a 139 fb-1 PRD 108, 092007 (2023)

3) Doubly charged Higgs bosons decaying into fermions/bosons

H++ → l+ l’+ 139 fb-1 EPJC 83, 605 (2023)
H++ → W+ W+ 139 fb-1 JHEP 06 (2021) 146

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-24/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-34/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-06/
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/16H+ to Fermions: H+ → t b 7

H+ produced in association with a top quark (high mass H+).

Final states with jets and one electron or muon.

Events are categorised according to the multiplicity of jets and b-tagged jets.
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/16Constraint on mA and tan β in hMSSM 8

ATL-PHYS-PUB-2024-008

m2
H± = m2

A + m2
W±

In MSSM, tree-level 
H± mass is given by:

The H+ → τ+ ν and 
H+ → t b results 
were used to constrain 
mA and tanβ for hMSSM.
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H+ produced in t-quark 
decays (low mass H+)

Lepton plus jets state
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Figure 1: Examples of leading-order Feynman diagrams for the signal considered. Charge-conjugated Feynman
diagrams are also included.

Model independent exclusion limits at 95% CL on the product of branching fractions B = B(t ! H±b63

) ⇥ B(H± ! cb) are reported for mH± between 60 and 160 GeV.64

Thanks to a sizeably larger dataset and improved analysis techniques, this search improves the expected65

sensitivity to H± ! cb in top-quark decays by a factor five compared to the previous publication and66

explores an extended mH± range.67

2 ATLAS detector68

The ATLAS experiment [20] at the LHC is a multipurpose particle detector with a forward–backward69

symmetric cylindrical geometry and a near 4⇡ coverage in solid angle.2 It consists of an inner tracking70

detector surrounded by a thin superconducting solenoid providing a 2 T axial magnetic field, electro-71

magnetic and hadron calorimeters, and a muon spectrometer. The inner tracking detector covers the72

pseudorapidity range |⌘ | < 2.5. It consists of silicon pixel, silicon microstrip, and transition radiation73

tracking detectors. Lead/liquid-argon sampling calorimeters provide electromagnetic energy measurements74

with high granularity. A steel/scintillator-tile hadron calorimeter covers the central pseudorapidity range75

(|⌘ | < 1.7). The endcap and forward regions are instrumented with LAr calorimeters for both the EM and76

hadronic energy measurements up to |⌘ | = 4.9. The muon spectrometer surrounds the calorimeters and is77

based on three large superconducting air-core toroidal magnets with eight coils each. The field integral of78

the toroids ranges between 2.0 and 6.0 T m across most of the detector. The muon spectrometer includes79

a system of precision tracking chambers and fast detectors for triggering. A two-level trigger system is80

used to select events. The first-level trigger is implemented in hardware and uses a subset of the detector81

information to accept events at a rate below 100 kHz. This is followed by a software-based trigger that82

reduces the accepted event rate to 1 kHz on average depending on the data-taking conditions. An extensive83

software suite [21] is used for real and simulated data reconstruction and analysis, for operation and in the84

trigger and data acquisition systems of the experiment.85

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points upwards.
Cylindrical coordinates (r, �) are used in the transverse plane, � being the azimuthal angle around the z-axis. The pseudorapidity
is defined in terms of the polar angle ✓ as ⌘ = � ln tan(✓/2). Angular distance is measured in units of �R ⌘

p
(�⌘)2 + (��)2.

25th July 2021 – 12:39 3

NN score fitted.

No evidence 
of a H+ boson.

JHEP 09 (2023) 004

Significance: ~3σ local 
(2.46±0.05)σ global

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-24/


/16H+ to Fermions: H+ → c s 10

H+ produced in t-quark decays BDT training depending on H+ mass 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Limits set for mH+ = 200-1000 GeV
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Note: H+ → W+Z in the H+H-- production also searched for.

Cut-and-count method. No excess observed.

Upper limit (95% CL) in a type-II seesaw model: mH++ < 350 GeV
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The H+ → W+ Z and 
H++ → W+ W+ results 
were used to constrain 
the H5 plane benchmark 
of the GM model.


sinθH: determines 
the contribution of the 
triplets to the masses 
of W and Z.


m5: a single mass scale.
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Despite its tremendous success, the SM cannot be the final theory; 

various models extend the Higgs sector, involving charged Higgs bosons.


Searches were performed with 13 TeV pp collision data at ATLAS Run 2.


Singly charged Higgs bosons: H+ → τ+ν, tb, cb, cs, W+Z, W+A


Doubly charged Higgs bosons: H++ → l+l’+, W+W+


No significant excess over the SM expectation was found.


Limits on the cross section and the branching ratio were set, 

and the parameters of extended models were constrained: 

hMSSM, 3HDM, the GM model, the type-II seesaw model, …


