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Many popular models within the community include additional fields to motivate searches for new 
phenomena: 


• Extensions of the Higgs sector predicted in many BSM theories: Higgs doublets or triplets, 
composite Higgs,…


• New Physics fields weakly coupled to the SM (e.g. with axion-like particles or SUSY)

Introduction

2

Most of these searches require leptons or photons in the final 
state, benefiting from the large trigger bandwidth allocated for 
those objects. 

An overview of ATLAS searches for additional Higgs bosons is 
presented. 


• Full Run 2 pp collision data at 13 TeV used in all results 
shown here. 

s =
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H± → cb
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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

ATLAS-CONF-2021-037

Search for charged Higgs bosons  produced in top quark decays


• Motivated in non-minimal SM extensions (e.g. 3HDM)

Large jet multiplicity events (>4 jets, with > 3b-tagged) with an additional e/𝜇 for triggering. 


Mass-parametrised Neural Networks (NN) [Eur. Phys. J. C 76, 235]


• Kinematical information from the jets, leptons and  are used as input variables. 


Upper limits set on  covering masses from 60 to 160 GeV. 


• Improves previous LHC result by factor x5.


• Broad excess consistent with the expected mass resolution

H± → cb

ET
miss

ℬ(H± → cb)

Eur. Phys. J. C 76, 235



Local signi: 


Global signi: 

mH± = 130 GeV
3σ
1.6σ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-037/
https://link.springer.com/article/10.1140/epjc/s10052-016-4099-4
https://link.springer.com/article/10.1140/epjc/s10052-016-4099-4
https://link.springer.com/article/10.1140/epjc/s10052-016-4099-4
https://link.springer.com/article/10.1140/epjc/s10052-016-4099-4
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Search for a charged Higgs boson  decaying to a pseudoscalar  
and a  produced in association with a top quark. 


• 𝜇𝜇e final state easy to reconstruct.


At least 3 jets (1 b-tagged) with one electron and two muons 


• Muons used for triggering the events. 

H± A
W±
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ATLAS-CONF-2021-047

Strategy: scan the  invariant 
mass for event excesses. 

Upper limits computed as a 
function of the  for various 

 hypotheses.


• First lower limit on tan𝛽 for a  
2HDM type-I model
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-047/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-047/
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Search for heavy additional neutral Higgs-like bosons produced in 
association with a pair of top quarks in the  final state. 


• Additional pair of top quarks motivated to reduce negative inference 
effects from SM . 


tttt

gg → tt

ttH → tttt
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Only multi-lepton events are selected 
(2 same signed leptons or 3 leptons)

Analysis selection relies on sequentially 
applied BDTs:


• Separate SM  from other 
backgrounds. 


• Separate BSM signal from SM 

Results interpreted in the context of a 
type-II 2HDM


• Upper limits on production cross-
section translated to limits on tan𝛽
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tttt

g

g

t

t

t̄

t̄

t̄

t H/A

g

g

b

t

t̄

b̄

b̄

b H/A

g

g

b

t

t̄

b̄

b̄

b H/A

Excluded

ATLAS-CONF-2022-008
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

BSM pBDT @ 1000 GeV

0

0.5

1

1.5

 

D
at

a 
/ B

kg
. 0

10

20

30

40

50

60

70

80

Ev
en

ts

ATLAS Preliminary
-1 = 13 TeV, 139 fbs

BSM 4tops SSML
BSM SR
Post-Fit

Data mH=1000 GeV *
tttt W QCDtt

W EWtt *)(high)γ(Z/tt
Htt QmisID

Mat. Conv. *γLow m
HF e µHF 
Others ttt
Uncertainty

*: normalised to total background

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/
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 t → qX, X → bb (q = u, c)

ATLAS-CONF-2022-027

Search for scalar resonances in flavour-changing neutral currents in top quark 
decays


• Behaviour predicted in flavour models including light massive fields from 
broken approximate symmetries.  


Single lepton triggers, categories defined to improve sensitivity based on the 
number of reconstructed jets and b-tagged jets. 


• NN used for SM background discrimination


Upper limits set on , excluding values larger than ~0.08%. ℬ(t → qX)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-027/
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Search for a doubly charged Higgs in multi-lepton final states in the 300 GeV to 1.3 
TeV mass range. 


• Sensitive to lepton-flavour violation scenarios. 

Data collected with dilepton triggers (ee,𝜇𝜇, e𝜇)


Fit performed over the invariant mass of the leading lepton pair. 


Upper limits set on the total production cross section of .


• Doubly charged Higgs excluded for masses below 1080 GeV. 
H±±

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-010/
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Expected and observed limits at 
95% CL in the hMSSM in the   
(tan𝛽, ) phase space from 
analyses performed at the 
ATLAS experiment during Run 2. 


• Unless otherwise specified, 
only gluon fusion is 
considered. 


mA

8

hMSSM summary plots from (in)direct searches
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-030/
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Search for high mass (  GeV) diphoton resonances 


• Benefit from excellent energy resolution and clean signature. 

Signal and background shapes parametrized with analytical functions.

No significant excess observed. 


• Largest excess at mX~684 GeV with 3.29𝜎 (1.30𝜎) of local (global) 
significance. 

mγγ > 160

High mass diphoton resonance search
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Randal-Sundrum 1 model excluded 
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with couplings 
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mG* <

k/MPl =
 Phys. Lett. B 822 (2021) 136651 

https://inspirehep.net/literature/1849059
https://inspirehep.net/literature/1849059
https://www.sciencedirect.com/science/article/pii/S0370269321005918?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269321005918?via=ihub
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First LHC result with pp collisions covering diphoton masses 
between 10 and 70 GeV. 


• Challenging background shape due to trigger sculpting the 
background distribution.  


Selection of Lorentz-boosted photon pairs smooths background 
shape improving the sensitivity. 


• Gaussian Process Regression used to estimate modelling  
systematics

Search for boosted diphoton resonances

10

ATLAS-CONF-2022-018

No significant deviation with respect to SM 
prediction observed. 


• Largest excess at 19 GeV, 3.1𝜎 local (1.4𝜎 global)


• Limits recast on the ALP parameter space

This search covers a longstanding gap in diphoton 
resonance searches. 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-018/
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Searches for additional Higgs bosons by the ATLAS experiment with data collected in 2015-2018 
at 13 TeV have been presented, including the production of new light and heavy resonances, 
and single and double charged Higgs bosons. 


• No significant deviations with respect to the SM prediction have been observed. 

New results released this year: 


• Search for heavy additional neutral Higgs-like bosons produced in association with a pair of 
top quarks in the  final state. 


• Search for boosted diphoton resonances


• Search for a doubly charged Higgs in multi-lepton final states. 


• Search for scalar resonances in flavour-changing neutral currents in top quark decays

Work ongoing to set the machinery for the next data taking period, but interesting results are still to 
be published with Run 2 data. 


• Stay tuned!

s =

tttt

Conclusions and future prospectives

11
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Diphoton resonance searches: Introduction

13

Diphoton analyses strengths:

• Excellent mass resolution.

• Very clean signature: 2 isolated photons in the 

calorimeter.

Results published with partial dataset: 
• No significant excesses for diphoton invariant 

masses above 200 GeV. 

• Upper limits expressed in terms of the fiducial 

cross-section to allow for easier theory 
interpretations. 


Today: new results for the high mass range with 
m𝛾𝛾 >160 GeV with the full Run 2 dataset.
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https://www.sciencedirect.com/science/article/pii/S0370269317308511
https://www.sciencedirect.com/science/article/pii/S0370269317308511
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Analysis strategy

14

Strategy: 

• Describe with analytical functions both signal and background components. 

• Search for event excesses compatible with the signal shape. 

Benchmark models: 

• Model independent search of a spin-0 particle. 

• Lowest KK graviton in the RS model: a spin-2 resonance. 

- Various widths (couplings) are considered for the spin-0 (2) search. 


Improvements w.r.t. previous result: 

• Optimized event selection common for both interpretations. 

• Updated photon reconstruction, identification and calibration

• Functional decomposition method to reduce systematic uncertainties 

(arxiv:1805.04536).

ANA-HIGG-2018-27

https://arxiv.org/abs/1805.04536
https://arxiv.org/abs/1805.04536
https://inspirehep.net/literature/1849059
https://inspirehep.net/literature/1849059
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Signal shape obtained from simulation.

Analytical function: 

• Double Sided Crystal Ball→ 

• Breit-Wigner → resonance width 

Signal and background description

15
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Composition:  

• Non-resonant QCD diphoton pairs (𝛾𝛾).


• Misidentified jets as photons (𝛾j/j𝛾/jj).
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ANA-HIGG-2018-27

https://www.sciencedirect.com/science/article/pii/S0370269317308511
https://www.sciencedirect.com/science/article/pii/S0370269317308511
https://inspirehep.net/literature/1849059
https://inspirehep.net/literature/1849059
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In practice, the analytic 
description cannot be usually 
derived from first principles.

• Background model  

empirically chosen.

Systematic uncertainties address 
discrepancies between:


• A large difference could create 
“spurious signals” .


Background modelling

16

3

1−10

1

10

210

310

410

510

610

E
ve

n
ts

/2
0

 G
e

V

Unsmoothed Template

from pseudo−experiment

Smoothed Template

ATLAS Simulation
-1=13 TeV, 139 fbs

200 300 400 500 600 1000 2000 3000

 [GeV]γγm

2−
1−
0
1
2

P
u

ll

500 1000 1500 2000 2500 3000

2−10

1−10

1

10

210

 B
 

  
  
 [
fb

]
× 

fid
σ

ATLAS Simulation
-1 = 13 TeV, 139 fbs

Spin-0 Model
NWA

 limitssCLExpected 

Unsmoothed Systematic

Smoothed Systematic

σ 1 ±Expected 

σ 2 ±Expected 

500 1000 1500 2000 2500 3000

 [GeV]Xm

0
10
20
30
40

Im
p

ro
ve

m
e

n
t 

[%
]

200 300 400 500600 1000 2000 3000

 [GeV]Xm

1.5−

1−

0.5−

0

0.5

1

1.5

Sδ/
S

S
N Unsmoothed Template

Smoothed Template

ATLAS Simulation

Spin-0 Model, NWA
-1 = 13 TeV, 139 fbs

Improvement of up 
to 30% on the 
expected sensitivity!

Background  
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Shape

Functional decomposition provides an estimate of the true background shape 

ANA-HIGG-2018-27

https://inspirehep.net/literature/1849059
https://inspirehep.net/literature/1849059
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