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J.Berger 

CompactMuonSolenoid   at the   LargeHadronCollider 

≈ 150 1/fb is collected 
(Run I + Run II) 

https://cds.cern.ch/record/1747055
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        Tau decays overview 

by T. Müller 

What CMS can do: 

Standard e/μ  
reconstruction 
for leptonic 
decays  

ℎ±  :  charged 
pion/kaon 

𝜋0 :  prompt 
decay to 𝛾𝛾 

7 main 𝜏 decay modes  
are reconstructed ≈  96.7%  



       Particle Flow 

 Reconstruct physics objects combining sub-detectors information 

 Reconstruct and identify 5 classes of particles: 
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CMS-PAS-PFT-09-001 

• Electrons  • Muons  • Photons • Charged/Neutral hadrons 

http://cds.cern.ch/record/1194487/
http://cds.cern.ch/record/1194487/
http://cds.cern.ch/record/1194487/
http://cds.cern.ch/record/1194487/
http://cds.cern.ch/record/1194487/
http://cds.cern.ch/record/1194487/
http://cds.cern.ch/record/1194487/
http://cds.cern.ch/record/1194487/
http://cds.cern.ch/record/1194487/
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       Hadron Plus Strips Algorithm (HPS) 

Seeds from particle-flow jet constituents  
(previous slide)  

𝑒±, ℎ±, 𝛾, ℎ0, 𝜇 

  Neutral pions  promptly decay to γγ 

• Reconstruction from conversions, bremsstrahlung 
• 𝑒±, γ  with 𝑝𝑇 > 1 GeV  clustered into calorimeter 

strips with a dynamic size depending on 𝑝𝑇 of the 
strip and 𝑒±, γ  

CMS TAU-16/003 

• Good charged hadron:  𝑝𝑇 > 1.5 GeV 
• Compatibility of tracks with the nearest 

primary vertex 

  𝜏ℎ  Candidate Requirements 
• Tracks and strips are within dynamic size Signal Cone 
• Charge of the candidate  ±1 
• Mass of  𝜏ℎ candidate consistent with intermediate 

resonance: 𝜌, 𝑎1 

In case of more than one candidate within a jet 
the  one with highest 𝑝𝑇 is given a preference  

https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
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         Hadron Plus Strips 
CMS-DP-2018-026 

• Reconstructed τℎ  candidates with defined decay 
mode 

http://cds.cern.ch/record/2622155/files/DP2018_026.pdf
http://cds.cern.ch/record/2622155/files/DP2018_026.pdf
http://cds.cern.ch/record/2622155/files/DP2018_026.pdf
http://cds.cern.ch/record/2622155/files/DP2018_026.pdf
http://cds.cern.ch/record/2622155/files/DP2018_026.pdf
http://cds.cern.ch/record/2622155/files/DP2018_026.pdf
http://cds.cern.ch/record/2622155/files/DP2018_026.pdf
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       Discrimination against  Jets 

by T. Müller 

 Isolation in the detector 
                 Low hadronic activity in the vicinity 
of  τ decay  products 
                   
 Relatively long lifetime 
                 Displaced tracks and decay vertex 
(for three-prongs decay category) 
 
 Small mass 
                   Low particle miltuplicity 
  

MVA based discriminator: 

• Charge/neutral isolation 
• Lifetime (flightlenght, 

impact parameters) 
• Particle multiplicity 
• HPS strips information 

 

Signatures of a 𝜏 lepton decay: 
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         Identification Performance in MC 
CMS TAU-16/003 

Identification efficiency from Z→ 𝜏𝜏  MC 

generated  q/g jet & reconstructed 𝜏ℎ  

generated 𝜏ℎ 
p =  

generated 𝜏ℎ & reconstructed 𝜏ℎ  

generated 𝜏ℎ 
ε =  

Fake-rate from QCD multijet MC 

https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
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       Tau Energy Scale 

-6% 

%9+ 

• Tau energy scale               correction factor to τℎ four-momentum 
 

• Measure correction to MC by fitting mass templates to data 
 

 
τℎ  mass for ℎ±𝜋0ν  and ℎ±ℎ∓ℎ±ν  categories 

Visible  μ − τℎ  for τℎ  decays separately  

Total correction at 1% level 

CMS TAU-16/003 

https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
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         Tau  Identification Performance 
Tag&Probe to measure the identification efficiency in data 

• Using  Drell-Yan process 𝑍/𝛾 → 𝜏𝜏 → 𝜇𝜏ℎ +  neutrinos 
• Tag event with a good muon 
• Probe 𝜏ℎ candidate to    PASS   and    FAIL  the   identification  

• Simultaneous fit of signal + background to data in both categories 

Similar measurement  in  𝑡𝑡    and off-shell  𝑊 → 𝜏𝜈  tau sources to cover  
large range of 𝑝𝑇 

Data/MC scale factor uncertaintiy ranges between ≈ 1 − 7 %  

CMS TAU-16/003 

https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-16-003/index.html
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Application in Physics Analysis 
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         Observation of SM Higgs decay to τ pair 

Analysis of 2016 data at 13 TeV 
Best fit of the signal strength (combined categories):  1.09 −0.26

 +0.27 
Data in agreement with 125 GeV Higgs  signal   

HIG-16-043 

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/
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         Searches for Heavy Bosons (𝑊′/𝑍′) 
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EXO-16-008 

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-008/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-008/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-008/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-008/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-008/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-008/index.html
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        Spin analysis 
CMS-DP-2016-060 

Test the EWK structure of the neutral 
weak  τ couplings analysing τ spin.  

Polarization asymmetry: 

 is sensitive to the effective weak 

mixing angle sin2 𝜃 𝜏
𝑒𝑓𝑓

 Charge-neutral energy asymmetry in the decay 
τ±  →  ρν   → 𝜋±𝜋0ν 

https://cds.cern.ch/record/2216986
https://cds.cern.ch/record/2216986
https://cds.cern.ch/record/2216986
https://cds.cern.ch/record/2216986
https://cds.cern.ch/record/2216986
https://cds.cern.ch/record/2216986
https://cds.cern.ch/record/2216986
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         Conclusions 

LQ->bτ 

HH->bbττ 

MSSM H->ττ 

susy 

CMS public results 

• Successfully exploited 
in numerous physics 
analyses 

• Excellent description 
of the detector 

• Robust Hadron Plus 
Strips algorithm for τ 
identification 

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-029/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-029/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-029/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-029/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-020/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-020/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-020/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-020/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-14-022/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://cms-results.web.cern.ch/cms-results/public-results/publications/

