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The ATLAS Detector
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Reconstruction of 𝜏-lepton decays

• Leptonic 𝜏-lepton decays are 
reconstructed as electrons and 
muons (with possibly relaxed  
cuts at analysis level) 

• Reconstruction of hadronic 𝜏-lepton 
decays starts from anti-  jets with 
R=0.4 as seeds 

• Classify tracks within cone into tau, 
isolation, pile-up and conversion 
tracks using multiple BDTs - require 
exactly 1 or 3 tau-tracks

d0

kT
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 identificationπ0

• Subtract hadronic energy associated to 
tracks and use remaining energy to 
identify neutral particles (particle flow) 

• Dedicated BDT (Tau Particle Flow) using 
EM cluster variables is used to identify 

 clustersπ0
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Eur. Phys. J C 76 (2016) 295  

https://link.springer.com/article/10.1140/epjc/s10052-016-4110-0
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Decay Mode Classification
• 3 additional BDTs are used to identify five 

different decay modes using the output of the 
 BDT and other observables 

• Allows decay-mode specific fake tau 
estimates, construction of spin observables, 
etc.

π0
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Particle Flow Performance

• Tau particle flow provides great 
improvement over simple calorimeter-
based energy measurement 

• Final tau energy is determined by boosted 
regression tree that combines the calo-
based and particle flow measurements 
depending on energy, decay mode, etc.
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ATLAS-CONF-2017-029 

Eur. Phys. J C 76 (2016) 295  

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-029/
https://link.springer.com/article/10.1140/epjc/s10052-016-4110-0
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Tau Identification
• Use recurrent NN with LSTM 

architecture to combine information 
from individual tracks, clusters and 
several high-level observables into a 
single classifier 

• Significant improvement over BDT 
that only used high-level observables 

• Performance very robust against 
pile-up
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ATL-PHYS-PUB-2019-033 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-033/
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Calibration
•  provides a clean final state 

to calibrate the energy scale (1-3%) and 
identification efficiency (<5%) 

•  allows to measure electron 
misidentification efficiency

Z → τμτhad

Z → e+e−
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ATLAS-CONF-2017-029 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-029/
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Hadronic Tau Trigger
• L1 Trigger: 

• No track reconstruction 

• Coarse 2x2 calorimeter window 

• Require isolation ring 

• Limited energy resolution leads to slow 
turn-on cure 

• HLT: 

• Simplified version of offline reconstruction 

• Calorimeter-based energy measurement 

• Simpler track reconstruction 

• Simpler tau identification
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Tau Trigger Menu
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ATLAS-CONF-2017-061 

• Single tau, di-tau and 
tau+X triggers are available 

• Di-tau triggers require 
additional jet at L1 to 
achieve acceptable rate

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-061/
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Tau Trigger Efficiency

• Trigger efficiencies are measured using  for low  and 
 for high  𝜏-leptons 

• Use independent muon trigger in both cases to select events 

• Trigger turn-on well modelled in simulation, efficiency measured with 
1-10% precision

Z → τμτhad pT
tt̄ → bb̄μνμτhadντ pT
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ATLAS-CONF-2017-061 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-061/
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Calorimeter Response with W → τ±ν
• Calibration of the response in the hadronic calorimeter from isolated pion tracks in MinBias events 

(low ) and test beam data taken at the SPS ( ) 

• New measurement using isolated high  pions from  decays allows 
calibration up to several 100 GeV using pp collision data 

• Select isolated tracks with large  and . Sum of calorimeter energy within 
 around track after correction for average pile-up 

• Extract mean and width of peak in E/p distribution

pT pT < 350 GeV

pT W → τ±( → π±ντ)ντ

d0 Emiss
T > 150 GeV

ΔR < 0.15
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arXiv:2108.09043 

https://arxiv.org/abs/2108.09043


C. Grefe, 𝜏-leptons @ ATLAS, 29.09.2021

Calorimeter Response with W → τ±ν

• Measured single hadron response E/
p, width of E/p and longitudinal 
energy distribution over large  
range and depending on  

• Allows to validate and improve the 
simulation of the hadronic 
calorimeter response in ATLAS

pT
η
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arXiv:2108.09043 

https://arxiv.org/abs/2108.09043
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Boosted Di-Tau Systems
• Boosted di-tau systems fail the standard tau 

reconstruction due to the R=0.4 seed jets 

• Dedicated reconstruction starting from anti-  jets 
with R=1.0 and ; identify R=0.2 sub-
jets that correspond to two hadronic 𝜏-lepton decays 

• Dedicated BDT using similar input as the single tau 
ID is used to reject fake tau backgrounds

kT
pT > 300 GeV
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JHEP 11 (2020) 163  

https://links.springernature.com/f/a/9sS3MdL8lGQETTLbD3ESXw~~/AABE5gA~/RgRhtoTlP0QwaHR0cDovL3d3dy5zcHJpbmdlci5jb20vLS8yL0FYWlpSZTJMNTh5YXNfWm12cHlyVwNzcGNCCgBHZVHVX6CCmW5SGmF0bGFzLnB1YmxpY2F0aW9uc0BjZXJuLmNoWAQAAAbn
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Boosted Di-Tau Systems
• Use boosted  events to calibrate 

selection and reconstruction efficiency 

• Can be used to search for heavy resonances 
like  up to very high masses 

• Trigger on large-R jet from boosted  or 
 system

Z → ττ

HH → bb̄τ+τ−

bb̄
τ+τ−
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Selected Measurements using Taus
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Nature phys. (2021) 

arXiv:2108.07665 

arXiv:2105.12491 

Phys. Rev. Lett. 125 (2020) 051801  

Phys. Lett. B 805 (2020) 135426  

https://www.nature.com/articles/s41567-021-01236-w
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Conclusions
• Machine learning techniques allow for excellent reconstruction of 

hadronic 𝜏-lepton decays even at high pile-up conditions 

• Reconstruction and identification techniques are being developed 
further and will be available in re-reconstruction of ATLAS data 

• Reports on recent measurements using 𝜏-leptons in ATLAS at this 
conference: 

• Lepton Flavor Violation Searches at ATLAS and CMS - Luca Fiorini 

• Searches for new physics with leptons using the ATLAS detector - 
Matteo Franchini 

• Searches for leptoquarks with the ATLAS detector - Zhiyuan Li 

• Higgs boson measurements in couplings to tau leptons with the 
ATLAS experiment - Christopher Young
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Backup
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Tau Trigger 
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 identificationπ0
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Tau decay mode reconstruction
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Tau decay mode reconstruction
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Tau energy BRT
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