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SM H → ττ
 Evidence for SM Higgs boson in the 

H → ττ decay mode    
 ∫Ldt = 4.5 fb-1     at √s = 7TeV

∫Ldt = 20.3 fb-1  at √s = 8TeV
 ATLAS-CONF-2014-061
 Multivariate analysis using BDTs

GG-Fusion 

Vector-Boson-
Fusion

ATLAS-CONF-2014-009
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Analysis strategy
More details can be found in yesterday's talk by Jessica  link
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Final discriminant (8TeV)

τlepτlep τlepτhad τhadτhad

https://indico.desy.de/getFile.py/access?contribId=83&sessionId=4&resId=0&materialId=slides&confId=9821
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Analysis strategy

Excess seen in signal like BDT bins
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Results
 Combined signal strength μ =1.42         (stat)         (sys) +- 0.10 (theory)

 Observed (expected) significance 4.5 (3.5) σ

 Evidence for Higgs boson coupling to fermions

 Mass compatibility with 125 GeV

 Cut-based approach shows consistency μ =1.37            

+0.27
 -0.26

+0.32
 -0.24

+0.57
 -0.48
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MSSM h/H/A → ττ
 Search for neutral Higgs bosons in the MSSM    

∫Ldt = 19.5 – 20.3 fb-1  at √s =8TeV

 CERN-PH-EP-2014-210 

 Supersymmetric extension of SM
Two Higgs doublets

• 2 CP-even h/H 
• 1 CP-odd A 
• 2 charged H+/- 

 2 additional parameters wrt SM at tree level
mA  and tanβ (ratio of vacuum exp. values)

 Higgs boson coupling to down-type fermions 
enhanced 

 Higgs boson production through gluon fusion or 
b-quark associated

 Lorenz Hauswald's talk yesterday  link 
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 Branching ratio 6%
 One isolated electron (pT

el >15GeV ) and       
muon (pT

μ > 10GeV) with opposite charge
  If pT

el > 25GeV:  sgl-el-trigger  else:  el-mu-trigger 
 Veto events with loose τhad

 Low mass categories (mA< 200GeV) tag & veto

 Background estimation
Z→ττ embedded sample
ttbar from MC (normalization from 2 b-jets CR)
W+jets , sgl-sop, dibosons from MC
QCD multijet bkg from data (ABCD method using 
charge and isolation)

 MMC mass as final discriminant

τeτμ

Low mass tag

Exactly one b-tagged jet
Δφ(e,μ) > 2
Σcos Δφ(l,MET) > -0.2
ΣpT

jet  <  100 GeV
pT

el  + pT
μ + MET  < 125 GeV

Low mass veto

No b-tagged jet
Δφ(e,μ) > 1.6
Σcos Δφ(l,MET) > -0.4

https://indico.desy.de/getFile.py/access?contribId=86&sessionId=4&resId=0&materialId=slides&confId=9821
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 Branching ratio 23% respectively
 One isolated electron or muon (pT

e/μ > 26GeV)  and 
one medium tau (pT

τ > 20GeV) with opposite charge
 sgl-el-trigger  or  sgl-mu-trigger
 No additional electrons or muons in event 
 Low mass categories (mA< 200GeV) tag & veto

 High mass category (mA ≧ 200GeV)

 Background estimation

Z→ττ embedded sample
W, Z, Top from MC (normalization from CRs)
Dibosons from MC
QCD multijet bkg from data (2D sideband method using 
charge and isolation)

 MMC mass as final discriminant

τe/μτhad  

Low mass tag

At least one b-tagged jet
No ≧ 1 jet with pT

jet > 30GeV
mT(e/μ,MET) < 45 GeV

Low mass veto

No b-tagged jet 
ΣΔφ(τ ,MET) <3.3
mT(e/μ,MET) < 60 GeV

High mass

Δφ(τ ,MET) < 3.3
Δφ(τe/μτhad) > 2.4
pT

τhad – pT
τe/μ

  >45 GeV 
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 Branching ratio 46%
 At least 2 loose tau leptons (pT

τ > 50GeV ) with 
opposite charge and Δφ(τhadτhad) > 2.7

 No electrons and muons in the event
 High mass categories (mA ≧ 200GeV) STT & DTT

 Background estimation

QCD multijet bkg from data:
- STT  shape and norm from high purity CR using                  
  jet to tau fake data efficiencies 
- DTT  2D sideband method using charge and MET
Non-multijet processes from MC

 Final discriminant is total transverse mass

mT
total =  √[mT²(τ1,τ2)+mT²(τ1,MET)+mT²(τ2,MET)]

STT

sgl-tau-trigger
pT

tau  > 150 GeV

DTT

di-tau-trigger
pT

tau   < 150 GeV 
medium taus
MET > 10GeV
ΣET >160GeV

τhadτhad  
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Results
 Data in good agreement with 

background only expectation
 Calculating limits (95% Cls)
 Categorisation based on boson       

mass & production mechanism          
(low and high mass region)

 Here mh
max scenario shown

 Lowest exclusion tanβ > 5.4 for mA=140GeV

 Upper limit on σ times BR ranges     
from 30pb to 7fb 

 If CP-even Higgs boson h identified  
with discovered boson at 125GeV 

→  Exclusion of mA < 160 GeV  and         
       tanβ < 4 and  tanβ >10
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SSM Z' → τhadτhad

 Search for high-mass ditau resonance                     
∫Ldt = 19.5 fb-1  at √s =8TeV

 ATLAS-CONF-2013-066 

 Sequential Standard Model (SSM) contains heavy 
neutral gauge boson Z' with SM fermion couplings

 ≥ 2 loose tau-leptons (pT
τ > 50 GeV) with opposite 

charge (Δφ(τ1,τ2) > 2.7 & pT,lead
τ > 150GeV & no e/μ)

 Non-multijet bkg from MC                                                 
Multijet data driven 

 Observed (expected) limit                                               
at  95% credibility   

mZ' < 1.9 (1.8) TeV
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Backup
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SM H → ττ

 Cut based analysis
 Final discriminant MMC
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MSSM h/H/A → ττ

 MSSM mh
mod+- scenarios 
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