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Introduction

Charged Higgs bosons are predicted in many extensions to the Standard Model 
(e.g. 2HDM, MSSM). 
Production mechanism depends on the H± mass range:

Signal selection and background contribution

Standard Model background
events with true τ leptons – 
 𝑡 ̅𝑡, W+jets, Z+jets, diboson events – estimated using Monte Carlo (MC)

events with fake τ leptons – 
  ℓ → 𝜏 fakes – estimated using MC
  jets → 𝜏 fakes – estimated in control regions (CR) with a data-driven Fake  
       Factor (FF) method

Multivariate discriminant
• PNN used as MVA-based 

discriminant.
• H± mass used as a parameter.

• Trained against MC for 
backgrounds with true 𝜏.

• Data-driven jets → 𝜏 fakes 
included for fake 𝜏.

• Profile likelihood ratio fit using 
MVA score as discriminating 
variable.

• Fitted regions: 𝜏+jets, 𝜏 + 𝓮, 𝜏 + μ

Results

The data are found to be in agreement with the Standard Model background 
expectation. 95% CL upper limits are set on the charged Higgs boson production cross-
section times branching ratio 𝜎 𝑝𝑝 → 𝑡𝑏𝐻! × ℬ 𝐻! → 𝜏𝜈  – ranging from 4.5 pb to 
0.4 fb – across the investigated H± mass range 80 – 3000 GeV

Conclusion
No significant excess over the expected Standard Model background is observed.
Hunting for H± now continues with Run 3 data – stay tuned!
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Fake Factor method

Event selection for Signal Region (SR)
τ + jets τ + ℓ

• 𝐸"miss trigger
• 1 hadronic τ, 𝑝"τ > 40 GeV

• ≥ 3 jets, 𝑝"
jet > 25 GeV

• ≥ 1 b-jets
• 𝐸"miss > 150 GeV

• 𝑚" 𝜏, 𝐸"miss > 50 GeV

• single lepton trigger (𝓮 or μ)
• 1 ℓ (𝓮 or μ), 𝑝"ℓ > 30 GeV
• 1 hadronic τ, 𝑝"τ > 30 GeV

• ≥ 1 jets, 𝑝"
jet > 25 GeV

• ≥ 1 b-jets
• 𝐸"miss > 50 GeV
• τ and ℓ must have opposite sign

Fake jets → 𝜏 background coming from the quark- or gluon-initiated jets that mimic the 
hadronically decaying 𝜏 leptons and fulfilling the SR selection criteria. 
• Multi-jets CR → gluon-initiated jets
• W+jets CR → quark-initiated jets

For each CR, we define fake factors (FFs) as: 

Total number of jets → 𝜏 fakes (𝑁#$%&'()* ) in SR:

𝑚!± < 𝑚" 𝑚!± > 𝑚" 𝑚!± ≈ 𝑚"

double-resonant 
top-quark production

single-resonant 
top-quark production

top-quark exchange 
production

This analysis uses the full Run 2 dataset of pp collisions at 𝑠 = 13 TeV recorded by the 
ATLAS detector, corresponding to 140 fb-1 and covers the H± mass range of 
80 ≤ 𝑚+± ≤ 3000 GeV [1].  

H± decaying to a tau lepton and a neutrino, with 𝜏 decaying hadronically considered.
Depending on the decay of associated W boson, two channels are targeted:
• 𝜏 + jets
• 𝜏 + ℓ

Templates derived from two CRs are used to perform a fit to the 𝜏 -jet width distribution 
in the SR, according to: 

Observed and expected  95% CL 
exclusion limits on tan β as a 
function of 𝑚+± in the context of 
hMSSM scenario. 

Systematic uncertainties

FF =
𝑁!"#(data) − 𝑁!"#(MC,true − 𝜏)

𝑁$%&'(!"# data − 𝑁$%&'(!"# (MC,true − 𝜏)

events that pass 𝜏 identification

events that fail the nominal 𝜏 identification

FF)# = 𝛼 × FF*++ 1 − 𝛼 × FF,-./&

𝑁0$1/(!)# = 𝑁$%&'(!(23)# × FF)#


