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Higgs Production and Decay 
Two primary Higgs production modes 
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Large 𝐻 → 𝜏𝜏 branching ratio for low 𝑚𝐻 
makes 𝜏𝜏 an important fermionic decay 

channel  

Dominant cross section Two forward jets 



Di-Tau Event Signature 
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Decay Mode Branching Ratio 

𝜏 → 𝑒 + 𝜈𝑒 + 𝜈𝜏 17.85% 

𝜏 → 𝜇 + 𝜈𝜇 + 𝜈𝜏 17.36% 

𝜏 → hadrons + ν𝜏 64.79% 

Di-Tau Final States 

𝐻 → 𝜏𝜏 → 𝒆𝝁 

𝐻 → 𝜏𝜏 → 𝝁𝝁 

𝐻 → 𝜏𝜏 → 𝒆𝝉𝒉 

𝐻 → 𝜏𝜏 → 𝝁𝝉𝒉 

Tau Decay Modes 

Tau Jet 

Muon 

Missing Transverse Energy 

Jet 

𝑯 → 𝝉𝝉 → 𝝁𝝉𝒉 Event 

Jet 



Hadronic Tau Decay Identification 
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𝜋± 
𝜌 → 𝜋±𝜋0 

𝑎1 → 𝜋±𝜋0𝜋0 
𝑎1 → 𝜋±𝜋±𝜋∓ 

Single Charged Hadron Charged Hadron + EM Strip Three Charged Hadrons 

Real Taus Fake Taus 

Average Energy Deposits Around Tau Object 

Boosted Decision Tree trained 
to distinguish real taus from 
quark/gluon jets based on 
nearby energy deposits 



Di-Tau Mass 

• Original di-tau mass estimated from visible decay products 
and missing transverse energy 
– Presence of neutrinos makes direct mass calculation impossible 
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eτh 



Jet Categories 
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0 Jet, Low pT 
Tau efficiency 
control region 

1 Jet, Low pT 
Higher mass 
resolution 

0 Jet, High pT 

Higgs has harder 
𝜏 𝑝𝑇 spectrum  

1 Jet, High pT 
Enhancement 

from pT and jet 
requirement 

VBF 
2 jets 

MVA selection  

Number of jets 
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Limit on Higgs 𝜎𝐻 × 𝐵𝑅(𝜏𝜏) 

 Limit calculated by fit 
to di-tau mass 

 7 and 8 TeV  

 10 fb-1 of data 
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Observed limit is 1.06 x 𝜎𝑆𝑀 
for 𝑚𝐻 = 125 GeV 



Comparison to Other Higgs Channels 

• Negative pull on best fit 𝜎𝐻 

• Downward fluctuation in data? 

• Non-standard fermion couplings? 

• Full 2012 dataset will answer 
these questions! 
 

 

8 



References 
• CMS Collaboration, “Observation of a new boson at a mass of 125 GeV 

with the CMS experiment at the LHC”, Phys. Lett. B 716 (2012) 30-61  

• CMS Collaboration, “Search for a standard model Higgs bosons decaying to 
tau pairs in pp collisions”, CMS-PAS-HIG-12-018 (2012) 

9 


