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The Fermi NaDonal Accelerator   
Laboratory   

Tevatron collided protons 
and anDprotons from 
1985 to 2011 
 
2 general purpose 
detectors DØ and CDF 
 
Over 10 T‐1 recorded   
 



DØ luminosity 

Showing results with up to 7.0 T‐1 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Delivered: 11.9 T‐1 
Recorded: 10.7 T‐1 



SM Higgs with tau leptons 

•  No single channel has sufficient 
sensiDvity  

–  Explore as many final states as 
possible 

–  Separate these into sub‐channels  
•  different signal purity 
•  different background composiDon 

•  Two main channels; 
     H‐>WW, H‐>bb  
•  Next dominant channel at low 
mass is H‐>ττ 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Tau idenDficaDon 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•  Heaviest lepton  with M = 1777 MeV and lifeDme of just  2.9 x 
10‐13 s, so we only observe its decay products.  

•  We use different tools for leptonic and hadronic tau decays  

 
 
•  For e, μ use standard leptonic idenDficaDon tools 
•  Hadronic tau decay suffers from large jet background  

 
•   Specific idenDficaDon tools created to deal with this  
 



Efficiency = 65%  Fake rate = 2.5% 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Tau idenDficaDon 

1 Track 
Calorimeter cluster  

> 1 Track 
Calorimeter cluster 
> 0 EM sub‐cluster  

Type 1 

Type 2 

Type 3 

Define 3 types of hadronic τ decays: 
•  Neural Network trained 
for each type  

•  Trained on Z  ττ to 
differenDate real taus 
from jets 1 Track 

Calorimeter cluster 
> 0 EM sub‐cluster  



ττμ + X channel  

•  Built from previous PRL arXiv:1106.450 
•  Look for two hadronic tau decays and a muon 
•  Channel sensiDve to: 
–   associated producDon modes, WH and ZH 
–   H ‐> ττ decay modes 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Analysis selecDon  
SelecDon  
•  Select the two taus with highest pT and the highest pT 

muon.  
•  Neural Net output NNτ is used to discriminate τ from jets. 
•  Sum of charges of final state objects must be ±1. 

 
Main Backgrounds 
•  Z( ττ) + jets 
•  Z (μμ) + jets 
•  Diboson (WZ, WW, ZZ) 
•  MulDjets and W + jets 

 – predicted from data 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Inclusive trigger method 
•  Analysis uses an inclusive trigger method, where events are 

not selected by any specific trigger.  
•  Enables us to increase signal acceptance.  
•  Efficiency of method determined using a well‐understood 

Muon Trigger.  
•  Important technique for this low staDsDcs search. 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Inclusive / Single Muon OR Trigger

CorrecDon parameterized in 
the transverse momentum 
of the leading τ. 

DØ, preliminary 
Work in process 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Final Discriminant 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Events separated into jet mulDplicity to further discriminate between 
signal and background.  

Njet =  0    Njet =  1    Njet  >   1   

preliminary 
Work in 
Progress  

preliminary   preliminary   

jets      missing ET           leptons 

preliminary 
Work in 
Progress  

preliminary 
Work in 
Progress  



Limits 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Summary 

•  New DØ search for Higgs produced through associated producDon 
decaying to three lepton final state.  

•  Tau decays have addiDonal sensiDvity for lepton channels. 

•  This analysis shown for the first Dme at La Thuile 
 
•  ExciDng results at the winter conferences from the Tevatron.  
 
       Updates expected in this channel for summer! 

»  Full data set  
»  increased signal acceptance 
»  use of mulDvariate techniques 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Back up 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SystemaDcs 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Breakdown of Limits 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Mass (GeV) 100 105 110 115 120 125 130 135 140 145 150

σexp/σ
SM
exp 12.1 13.2 13.8 14.2 17.4 17.6 18.0 19.7 20.5 22.1 24.2

σobs/σ
SM
obs 8.6 9.9 9.4 10.7 12.6 13.1 13.4 15.4 13.8 16.3 17.5

Mass (GeV) 155 160 165 170 175 180 185 190 195 200

σexp/σ
SM
exp 24.9 28.4 29.8 29.1 30.9 34.8 34.2 40.3 39.9 39.2

σobs/σ
SM
obs 15.6 18.2 19.2 21.8 22.5 24.4 25.2 28.3 27.6 29.2



CDF: llττ, lvττ channels 
•  CDF look for 3 or 4 leptons including hadronic taus.  
•  Use 6.2T‐1  and mulD variant technique  Support Vector 

Machine 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CDF: llττ, lvττ channels 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CDF: llττ, lvττ channels 

•  Results for lττ channel 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CDF: llττ, lvττ channels 

•  Results all channels 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CMS: H ‐> ZZ ‐> llττ  
•  New 2012 result, 4.7T‐1 
•  where ll = ee, μμ, μe and  ττ = τhτh, 

τhτe, τhτμ, τeτμ 
•  Final discriminant: invariant mass of 

four leptons 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