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Overview

• Boosted topologies important for certain BSM 
searches 

• Becoming more sensitive to higher masses and 
unexplored kinematic regions 

• Requires challenging experimental techniques
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Di-Tau Reconstruction
• High-pT anti-kT jet seeds  

(R = 1.0, pT > 300 GeV) 

• Anti-kT subjets (R = 0.2) 

• At least 2 subjets with at least one 
associated track 

• Calorimeter cell based identification 
variable calculation

4

ATLAS work in progress 

ATLAS work in progress 

0.2<∆R: isolation region0.1<∆R<0.2: outer tau cone
∆R<0.1: inner tau cone
Anti-kt Jet (R=1.0)
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QCD Background
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Di-Tau Signal

Di-Tau Identification
• Signal: G → hh → 4τ, MG = 1.5 TeV… 2.5 TeV 

• Background: QCD from 2015 data 

• BDT based ID with variables from calorimeter 
cells/clusters, tracks and vertices
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Kolmogorov-Smirnov test: signal (background) probability = 0.041 (0.675)
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Di-Tau Identification
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ATLAS work in progress ATLAS work in progress 

Working Point BDT Score ID Efficiency
very loose 0.60 ≈ 95 %

loose 0.65 ≈ 90 %
medium 0.72 ≈ 70 %

tight 0.77 ≈ 30 %
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0.2 < ∆R < 1.0
pT(lead) > 200 GeV
pT(subl) > 50 GeV

Reconstruction and ID Uncertainties

• MC based uncertainty estimation 
• Comparing efficiency differences 

between nominal sample and 4 
variation samples 
• G→hh→4τ sample,  

MG = 1…5 TeV 
• Alternative detector 

geometries 
• Alternative physics model 

• Kinematic regions binned in  
∆R(τ,τ), pT(leading τ), pT(subl. τ)
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truth ∆R(τ,τ) 
∆R < 0.2 

0.2 < ∆R < 1.0 
1.0 < ∆R

truth pT(lead. τ) 
pT < 200 GeV 
200 GeV < pT

truth pT(subl. τ) 
pT < 20 GeV 

20 < pT < 50 GeV 
50 GeV < pT 

ATLAS work in progress 
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Energy Scale Uncertainties
• MC based uncertainty estimation 
• Compare ditau pT in nominal sample  

against 4 variations  
• Compare ditau pT shapes between 

nominal and variations 

• Nominal: pT ↦ sf・pT 

• Uncertainties derived from sf with 
best nominal-variation agreement
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0.2 < ∆R < 1.0 
subl pT > 50 GeV 
lead pT > 200 GeV

ATLAS work in progress 

Di-Tau pT [GeV]

ATLAS work in progress 

Region ∆pT/pT

∆R < 0.2 2.0 %

0.2 < ∆R < 1.0 0.7 % - 1.4 %

∆R > 1.0 3.1 %
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• Blinding in this and following slides: S/(S+B) < 4%

Boosted bbττ Analysis
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 = 13 TeVs   -1Ldt = 36.1 fb∫
, Pre-Selectionhadτhadτbb→boosted hh
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Boosted bbττ Analysis
• Large-R jet trigger:  

pT > 360, 420 GeV 
• Di-tau: pT > 300 GeV, 

medium ID, 2 ≤ nsubjets ≤ 3 
• Large-R jet: pT > 300 GeV,  

1- or 2-b-tagged  
• Leading pT > 450 GeV  
• MET > 20 GeV 
• ∆𝜑(di-tau, ΜΕΤ) < 1
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Boosted bbττ Analysis
• Data driven multi-jet 

background 
estimation 

• NB = ND * NA/NC 

• NA,B,C,D = Ndata - NMC 

• Evaluation binned in  
di-tau pT and η
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Large-R-Jet Kinematics
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Di-Taus Kinematics
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Summary and Outlook
• Efficient di-tau reconstruction and identification with 

high background rejection 
• First implementation in boosted bbττ analysis 
• Preparations for 2017/18 data takings 
• Further optimisation in selection and background 

estimation  
• Statistical analysis

14
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Di-Tau Identification
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Sub-leading sub-jetLeading sub-jet

Core pT fraction

Number of  
tracks in inner 
sub-jet cone

ATLAS work in progress 

ATLAS work in progress ATLAS work in progress 

ATLAS work in progress 
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Reco + JetID Uncertainties
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Relative Uncertainties Nominal Reco / ID Efficiencies
ATLAS work in progress ATLAS work in progress 
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Energy Scale Uncertainties

18

ATLAS work in progress 
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Di-Tau Identification
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Di-Tau Energy Resolution
• Nominal G -> hh -> 4τ sample 
• Relative difference between reconstructed and simulated pT 

22
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Jets in Signal Region
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• 2-tag, ∆𝜑 < 1, jet kinematics:
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• 1-tag, ∆𝜑 > 1, jet kinematics:
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• 2-tag, ∆𝜑 < 1, DiTauJet kinematics:
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• 1-tag, ∆𝜑 > 1, DiTauJet kinematics:
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• 2-tag, ∆𝜑 < 1, substructure kinematics:
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• 1-tag, ∆𝜑 > 1, substructure kinematics: 
strong mis-modelling in mass has to be investigated
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