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H→ττ 
•  Last summer: Historical observation! 
•  But what have we observed? 

–  We know it couples to bosons 
–  It probably couples to quarks (ggF 

production and γγ decay through quark-
loop) 

–  But what about leptons? 
•  Need H→ττ to check if our particle 

behaves like a SM-Higgs…  
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H→ττ in ATLAS 
•  Separate cut-based analysis for each  

of three different decay modes: 
–  Lep-lep: ee/µµ/eµ+4ν 
–  Lep-had: eτhad/µτhad+3ν 
–  Had-had:τhadτhad +2ν 

•  Combine all channels, to search for 
H→ττ signature 

•  Results presented using 4.6fb-1 for 7 
TeV and 13 fb-1 for 8 TeV data 

•  More details: ATLAS-CONF-2012-160 
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Uppsala involvement in H→ττ lep-had channel: 
Henrik Öhman, Elias Coniavitis 



Categorization 

•  Light-lepton flavors merged in analysis channels, except for 
Lep-had 1j and 0j categories 

•  Exact cuts applied detailed in backup slides 

*: Only used for 7 TeV dataset 
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Lep-lep Lep-had Had-had 
VBF (large Δηjj, mjj) VBF (large Δηjj, mjj) VBF (large Δηjj, mjj) 
Boosted (large pT

H) Boosted (large pT
H) Boosted (high-pT

 jet) 
VH  (mjj~mZ/W) ≥1j 

≥1j 0j 
0j* 



Di-tau Mass Reconstruction 
•  Reconstructing invariant mass of ditau 

system not straightforward, due to the 
presence of neutrinos in the tau decay 

•  MMC method used to estimate ditau 
invariant mass  
–  Exception: lep-lep in 7 TeV (used 

collinear approx) 
•  Scan all points in  parameter space and 

calculate mττ, then evaluate probability 
of this τ-decay, given measured 
observables 
–  Additional scan over Ex

miss and Ey
miss. 

ET
miss resolution drives performance of the 

method. 
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Background Estimation: Z→ττ  
•  Embedding procedure: 

–  Select Z→µµ events in data 
–  Replace muons with simulated taus with same 

kinematics 
•  Major advantage: Only tau decays are from Monte 

Carlo, the rest (jets, pile-up, …) comes from data 
•  Normalization:  

–  Lep-lep: using simulation  
–  Lep-had, had-had: from data in low mττ window 

•  Method validation  
–  By embedding muons instead of taus and comparing 

to data 
–  By comparing to Monte Carlo  

•  Lep-had VBF category uses high-statistics VBF-
filtered Monte Carlo samples instead 
–  Rescaled to data using Z→ll events with VBF 

selection 
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Background Estimation: Others 

–  W+jets: Shapes from Monte Carlo; 
normalization from control region of  
large transverse mass 

–  Z→ee: Monte Carlo-based , rescaled 
using e→τ fake-rate from dedicated 
Z→ee study, verified in mee~mZ conrol 
region. 

–  Top: Shapes from Monte Carlo; 
normalization from control region of 2 
jets, at least one b-tagged 

–  Other backgrounds from Monte Carlo 
corrected for trigger  and identification 
efficiencies etc measured in data 
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•  Lep-had: Use same-sign events, rescaled by factor accounting for 
difference between same sign (SS) and opposite sign (OS). 

•  For backgrounds with OS/SS asymmetry calculate OS-SS 
component, to add on top   



Background Estimation: Others 
•  Lep-had VBF category: use sample of inverted 

tau-identification (higher stats) for multijets & 
W+jets estimate rescaled with correction 
factors from control regions 
–  Loose lepton isolation region for multijets 
–  High transverse mass region for W+jets 
–  Uncertainty on relative composition dominant 

systematic for this background estimate 

•  Lep-lep, had-had: Fake-τ backgrounds 
estimated with template fits 
–  Z→ll background in lep-lep obtained using 

control regions of different ET
miss and mll 

requirements.  
–  Other important backgrounds from Monte Carlo 
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Lep-had Mass Distributions (8 TeV) 

(For	
  mass	
  distribu7ons	
  in	
  these	
  
categories	
  for	
  7	
  TeV	
  see	
  backup	
  slides)	
  



VBF Mass Distributions 
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Systematic Uncertainties 
•  Most important experimental systematic uncertainties 

come from Embedding, Tau and Jet Energy Scale. Both 
normalization and shape effect considered for these. 
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Combined Results 
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mH=125 GeV:  expected   1.2 x σSM  
   observed   1.9 x σSM  

mH=125 GeV:  exp. local sign. 1.7σ  
   obs. local sign. 1.1σ  

•  Using profile likelihood   
•  Di-τ invariant mass distribution as discriminant  

  Best fit value for signal strength (µ) is 0.7 ± 0.7  



Combined Results 
•  H→ττ can be sensitive to different production modes 
•  Introduce separate µ for each production mode. 

–  VBF and VH combined since both depend on VVH coupling of SM. 
–  Fit µVBF+VH, µggF with fixed mass (mH=125 GeV) 
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  Result is consistent both with SM Higgs, 
and background-only hypothesis  
•  Best fit for (µVBF+VHxB/BSM, µggFxB/BSM) 

is (-0.4, 2.4) 



Summary 
•  Analysed 4.6fb-1 of 7 TeV data and 13 fb-1 of 8 TeV 

data 
•  Expected sensitivity now very close to 1xσSM 

–  Observed 95% CL limit is 1.9xσSM for mH=125 GeV 
(expected (µ=0) is 1.2xσSM) 

–  Observed local significance 1.1σ (expected (µ=1) is 1.7σ) 
•  Best fit value for signal strength is 0.7 ± 0.7 
•  Results in (µVBF+VHxB/BSM, µggFxB/BSM) plane 

consistent both with SM Higgs and background-only 
hypothesis 

•  Further analysis improvements + more collected data: 
Stay tuned! 
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Event Display 
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Backup Slides 
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Lep-had Mass Distributions (7 TeV) 



Limits for 7/8 TeV 
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Limits by Category 
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Lep-lep Cuts Summary 
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Lep-had Cuts Summary 
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Had-had Cuts Summary 
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Lep-had Event Yields (7 TeV) 
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e-­‐had	
   μ-­‐had	
  



Lep-had Event Yields (8 TeV) 
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Lep-lep Event Yields 
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Had-had Event Yields 
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