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https://indico.cern.ch/event/1391236/


Charged Higgs bosons

Well studied Higgs Sector extensions (CERN-EP-2024-094):

Two-Higgs-doublet models (2HDMs):

Five physical scalar states: CP-even h0 and H0, CP-odd pseudo-scalar A, and H±

Such models can be described with 6 physical parameters:

Higgs masses: mh, mH , mA and mH±

tanβ, the ratio of the vacuum expectation values of the two doublets

α, that describes the mixing between the CP-even states

The CP-conserving 2HDMs are categorized into four types:

Type-I, type-II, lepton-specific, and flipped
They differ in the way the Higgs fields couple to the SM particles:

Three-Higgs-doublet models, 3HDMs that extends the SM by adding two more doublets

The Georgi–Machacek (GM) model that extends the SM by adding two triplets – or even
higher multiplets in its most general form

The type-II seesaw mechanism → an attractive model since it can predict massive neutrinos
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https://cds.cern.ch/record/2897142/files/2405.04914.pdf


Three mass ranges usually studied (link):

H± (as well as H±±) BRs are highly model dependent

In 2HDM type II, below 200 GeV the H± → τντ decay is dominant, with H± → cs or cb
becoming more important at low tanβ

Above 200 GeV, the dominant decay is H± → tb
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https://indico.ihep.ac.cn/event/18025/contributions/141787/


Charged Higgs bosons searches in ATLAS

Many charged Higgs boson searches performed in ATLAS, the latest being (link):

In this talk, only a selected set of analyses discussed
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https://cds.cern.ch/record/2909656


ATLAS H± → tb search (JHEP 06 (2021) 145)

Search for singly charged Higgs H± in association with a t and b, using 139 fb−1 of data

Considered decay mode: H± → tb

→ Intermediate states with two tops and two bottoms

Analysis looking for final states with jets and one
electron or muon

Event selection: exactly one electron or muon (pT > 27 GeV), at least five jets with at
least three of them being b-tagged

→ Signal regions defined with 5j3b, 5j ≥ 4b, ≥ 6j3b and ≥ 6j ≥ 4b event categories, using a

neural network algorithm

All signal samples are used in the training against all background samples (weighted
according to their x-sections)

Background sources:

tt+jets the main bkg; categorized according to the flavour of the jets in the event

→ Estimated using data-based corrections
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https://arxiv.org/abs/2102.10076


Overall, very good agreement between data and the final bkg estimation:
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The observed (expected) limits range from σ × B = 3.6 (2.6) pb at mH± = 200 GeV to
σ × B = 0.036 (0.019) pb at mH± = 2 TeV
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Results included in a Dark Matter interpretation (2HDM+a), Sci.Bull. 69 (2024) 19, 3005-3035

→ a being a pseudo-scalar mediator that couples to dark matter particles

Dashed gray reg: indicate the region where the width of any of the Higgs bosons exceeds
20% of its mass
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https://arxiv.org/pdf/2306.00641


Results used also for constraints in the mA and tanβ plane, in hMSSM
(ATL-PHYS-PUB-2024-008)

The masses of charged bosons H± at tree-level can be obtained from: mH± = m2
A +m2

W±

At high tanβ, H± → tb search competitive with the H± → τν search, especially in the low
mA region (< 500 GeV)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-008/


ATLAS H± → cs search (CERN-EP-2024-185)

Search for light charged Higgs H± produced in the decay of a t quark, using 140 fb−1 of data

Considered process: top pair production

→ Considered decay mode: H± → cs

Intermediate states with W∓b H±b

Analysis looking for final states with b-jets and one electron or muon

Leptons produced via leptonically decaying τ -leptons are also included

Flavour-tagging algorithms used to tag jets as b-jets, c-jets or light-flavour jets
→ Dedicated flavour-tagging scheme with simultaneous tagging of b-jets and c-jets used

Signal regions defined with multivariate techniques (BDTs)

tt̄+jets processes are the main background sources: same data-based corrections applied to

both tt̄ and signal samples

MC tt̄ events separated in Heavy Flavor (tt̄+b/c), and Light Flavor
further split in tt̄(ud) and tt̄(cs), according to the W decays to ud or cs

Multijet (MJ) processes – when jets are misidentified as leptons or when real non-prompt
leptons are produced in the decays of heavy-flavour hadrons – can also contribute
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https://arxiv.org/abs/2407.10096


Overall, very good agreement between data and the final bkg estimation:

→ MC statistics and tt̄ modelling: among the main unc sources
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Observed and expected 95% CL upper limits on the branching fraction B(t → H±b)

→ Assumption: B(t → Wb) + B(t → H±(→ cs)b) is 100%

Observed (expected) limits set between 0.066% (0.077%) and 3.6% (2.3%), in the
60 - 168 GeV mass range
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ATLAS H± → cb search (JHEP 09 (2023) 004)

Search for light charged Higgs H± produced in the decay of a t quark, using 139 fb−1 of data

Considered process: top pair production

Considered decay mode: H± → cb, W∓ → ℓν

Signal generation: H± total width assumed to be
1 GeV, and its mass in the [60, 160] GeV interval

Signal normalization: x-sec as for tt̄ SM processes,
assuming B(t → H±b) × B(H± → cb)= 1%

ATLAS DRAFT
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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

A total of nine analysis – bkg and
signal – regions considered

Signal regions defined with a
neural network; main ones:
(4j, 3b) and (5j, 3b)

(5j, ≥4b) and (6j, ≥4b)
control regions highly
enriched in tt̄ + 1b bkg

Main bkg sources in all
regions: tt̄ processes (> 80%)
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https://arxiv.org/pdf/2302.11739


Good data - bkg expectation agreement in all regions of interest

→ No excess in data in any of the signal regions

Observed (expected) 95% CL upper limits on the branching fraction B

(B(t → H±b) × B(H± → cb)) as a function of H± mass

→ they range from 0.15% (0.09%) up to 0.42% (0.25%), depending on the H± mass

Superimposed are also predictions from the 3HDM, corresponding to three benchmark
values for the parameters X , Y , and Z
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H±± → multi-ℓ search (EPJC 83 (2023) 7, 605)

Search for Drell-Yan production of heavy charged Higgs H±±, using 139 fb−1 of data

→ Using left-right symmetric type-II seesaw (LRSMs) and Zee–Babu models

H±± decay modes depend on the vacuum
expectation value of the Higgs triplet

In this analysis set to be < 10−8 GeV → only
leptonic decays relevant (WW ones suppressed)

Lepton-flavour-violating decays (e.g
H±± → e±µ±) also allowed in the model

Signal regions defined per lepton multiplicity/flavor:

SR2L: e±e±, e±µ±, µ±µ±

SR3L: ℓ±ℓ±ℓ∓

SR4L: ℓ+ℓ+ℓ−ℓ−

Background sources

Electron charge flip

Fake/non-prompt leptons

SM irreducible processes
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https://arxiv.org/abs/2211.07505


Uncertainty sources breakdown:

Observed and expected events in the defined regions:
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Observed (expected) 95% CL upper limits on the production x-section

→ assuming
∑

ℓℓ′ B(H±± → ℓ±ℓ
′±) = 100%, with ℓ = e, µ, τ

Depending on the lepton multiplicity channel, the excl limits vary between 520 GeV and
1050 GeV for LRSMs, and between 410 GeV and 880 GeV for the Zee–Babu model

→ SR with the highest sensitivity the 4-lepton one
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Conclusions

Several analyses finalized or ongoing in ATLAS targeting H± or H±± BSM bosons

→ Using both 13 TeV Run-2 data, as well as 13.6 TeV Run-3 data

No significant excess over the SM expectation found in any published analysis

→ Stringent limits were set on the production cross section × BR

More results to come!
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Thank you!

18 / 18


