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The minimal supersymmetric standard model (MSSM) contains 
two Higgs doublets, giving rise to five physical states: 
• a light neutral CP-even state (h),  
• a heavy neutral CP-even state (H),  
• a neutral CP-odd state (A),  
• and a pair of charged states (H+,H-).  

 
For mh

max scenario, the model can be described by two free 
parameters: mA and tanβ :              
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For light charged higgs the decay in 
the τν channel is dominant.  
 

mh
max scenario tanβ = 10 

Charged Higgs BR                                                            Neutral Higgs BR 

For the neutral higgs the decay in 
the bb channel dominates but the 
ττ channel gives a better control of 
QCD bkg, and the µμ channel 
benefits of the fully recontructed 
final state.     
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• Search for light H±→τν 

 
 
 

• Search for φ0→bb 
 

• Search for φ0→τ+τ-   
 

• Search for φ0→μ+μ- 
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Particle Flow tecnique:  
 
• particle-based description of the full event 
• combines the informations from all sub-detectors  
  (Tracker, ECAL, HCAL, Muon systems) 
 
• reconstructs: 

• All final-state particles (e±, μ±, γ, charged/neutral hadrons) 
• PF higher-level objects (jet, b-tagging, τ-jet, Et

miss) 
 
• improves the resolution of the jet/Et

miss  
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Hypothesis: 
1. low Higgs mass  
  H+ production in top decays  
  kinematic acceptance MH < mt + mb (≈160 GeV) 
2.MSSM Signal contribution 
    pp → HbHb 
    pp → HbWb  
3.BR(Hτν) = 1 
   Dominant for tanβ > 5  
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Signal: 

3 mutually exclusive final states  
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 Trigger: isolated τ-jet + large Et

miss                 2.3 fb-1 at √s = 7 TeV    

Selection: 
isolated τ-jet 
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 Trigger: isolated τ-jet + large Et

miss                     2.3 fb-1 at √s = 7 TeV    

Selection: 
isolated τ-jet 
 
4 high-pt jets with at least 1 b-tagged jet 
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 Trigger: isolated τ-jet + large Et

miss                                  2.3 fb-1 at √s = 7 TeV    

Selection: 
isolated τ-jet 
 
4 high-pt jets with at least 1 b-tagged jet 
 
large Et

miss   &  ΔΦ (τ, Et
miss )<160° 

                                                                                       

Main backgrounds:  
 
multijet  
 
W+jetτν+jet 
SM decay of ttbar 
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Main backgrounds:  
 
multijet  
 
W+jetτν+jet 
SM decay of ttbar 
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 Trigger: electron +2jet               2.2 fb-1   &  single muon                2.  fb-1  at √s = 7 TeV 

                                                          
 
   

Selection: 
2 high-pt jets with at least 1 b-tagged jet 
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isolated τ-jet  
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 Trigger: electron +2jet               2.2 fb-1   &  single muon                2.  fb-1  at √s = 7 TeV 

                                                          
 
   

Selection: 
2 high-pt jets with at least 1 b-tagged jet 
 
isolated τ-jet  
 
large Et

miss  
 

isolated high-pt lepton 
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 Trigger: electron +2jet               2.2 fb-1   &  single muon                2.  fb-1  at √s = 7 TeV 

                                                          
 
   

Selection: 
2 high-pt jets with at least 1 b-tagged jet 
 
isolated τ-jet  
 
large Et

miss  
 

isolated high-pt lepton 

Main backgrounds:  
 
W+jetτν+jet 
SM decay of ttbar 
 
DYττ 
tW 
WW,ZZ,WZ 
 
DYµµ/ee 
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 Trigger: single electron + single muon                 2.2 fb-1  at √s = 7 TeV 

                                                                                     
Selection: 

2 isolated high-pt leptons 
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 Trigger: single electron + single muon                 2.2 fb-1  at √s = 7 TeV 

                                                                                     
Selection: 

2 isolated high-pt leptons 

 
2 high-pt jets 
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 Trigger: single electron + single muon                 2.2 fb-1  at √s = 7 TeV 

                                                                                     
Selection: 

2 isolated high-pt lepton 

 
2 high-pt jets 
 
separation lepton/jet  
 

Main backgrounds:  
 
SM decay of ttbar 
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 Sources of systematic uncertainty for the effiency: 
• σ top 
• τ-fake events from data driven background extimation 
• τ-jet id & lepton + τ misidentification rate  
• b-tagging efficiency and misidentification rate 
 
   

20 



From the combination of the 3 analysis 
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For the MSSM scenario mh
max 

             Limit on the BR(tH±b)                         Exclusion limit in the (mH,tanβ) plane 

JHEP 1207 (2012) 143 
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Production mechanism: 
associated production with at least one b 
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Decay: 
bb 

 
 
 

two analyzes are performed 
 
 

semileptonic  b-decay: 
CMS PAS-HIG-12-027 

4.8 fb-1 in collision at √s = 7 TeV 
 

at least 3 b-tagged leading jets 
 

not-isolated μ used to reconstruct 
one of the leading jet  

hadronic b-decay: 
CMS PAS-HIG-12-026 

 
4.0 fb-1 in collision at √s = 7 TeV 

 
at least 3 b-tagged leading jets 

 

Selection: 
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new for HCP  

From the combination of the 2 analysis 
 
 
 
 
 
 

For the MSSM mh
max   scenario  

Limit on the σ(ppbΦ) x BR(Φbb)           Exclusion limit in the (mA,tanβ) plane 
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Production mechanism: 
 
associated production 

b-tag Category in the analysis 

 
gluon fusion 
No b-tag Category in the analysis                                                          
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Decay modes: 
 
 

τ+τ- /µ+µ- 
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Trigger selection: combination of e/µ/τ             4.9 fb-1  at √s = 7 TeV 
                                                                                  12.1 fb-1  at √s = 8 TeV 
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 Selection: 
 

isolated τ-jet  & isolated high-pt lepton 
[to reject multijet bkg]  

isolated e  & isolated  µ 

φ0→τ+τ-→eτh + 2ν  
φ0→τ+τ-→μτh +2ν 
 

φ0→τ+τ-→eμ + 4ν 
φ0→τ+τ-→μμ + 4ν 

 Et
miss in direction of visible τ-decay [to reject W+jets bkg ] 

2 high-pt jets 
 

events are split in 2 categories  
 
 
 

with at least one b-tagged jet                 with no b-tagged jet                        
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φ0→τ+τ-→eτh + 2ν    
 

φ0→τ+τ-→μτh + 2ν 
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Mass resolution is ≈ 15 - 20% 

Main background: irreducible Zττ    
                                  QCD (jet-misidentifications) 
                                  W + jets 
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φ0→τ+τ-→eμ + 4ν φ0→τ+τ-→μ+μ- + 4ν 
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 Sources of systematic uncertainty for the efficiency: 
• τ-jet id/misidentification rate  
• Jet/MEt energy scale  
• b-tagging efficiency and misidentification rate 
• uncertainty in lepton reconstruction, identification and isolation efficiencies 
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Limit obtained by scanning tan(β) for each mA 

  by combining the four channels 

CMS PAS HIG-12-050  
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• Small BR(φ0→μ+μ-) 

• Full reconstruction of the final state  
• Muons reconstructed very efficiently in CMS   
• Very good mass resolution (almost 
   comparable to Higgs width)  
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Trigger selection: isolated muon                         5 fb−1 at √s = 7 TeV 

Selection:  
2 isolated & high pt muons  
Et

miss veto [to reject ttbar bkg ] 
2 high-pt jets 

split the events in 2 categories  
with one b-tagged jet                          with no 
   [to reject DY bkg ]                           b-tagged jet  
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Mass resolution at Z-peak is ≈ 3% 
  

   h    
          H+A  
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Data driven approach for the 
 background evaluation               

MC is used only for the 
signal expectation               

Systematics 
 for the efficiency              



 
Exclusion limit in the (mA, tanβ) plane: 
for each mA, the minimum value of tanβ   
that excludes a signal at 95% CL is chosen. 

 
 
 
 
 
 
 
 
 
 
 
 

From the limit on the ratio σMSSM/σSM 
is obtained the limit on the σMSSM x B.R. 

CMS PAS HIG-12-011 
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1. Search, on 2.3 fb−1 of data collected at CMS in pp collision at √s = 7 TeV a LHC, for light 
charged Higgs in t → bH± that decays in H± → τν 

• Limit on the BR(tH ± b) within 3%  

• Set upper limit at 95% CL the mass range [80,160] GeV starting from tanβ ≈18 

2. Search, on 4.8 fb−1 at √s = 7 TeV, for neutral Higgs Φ  → bb 

         Search, on 4.9 fb−1 at √s = 7 TeV and 12.1 fb−1 at √s = 8 TeV, for neutral Higgs Φ  → τ+τ- 

         Search, on 5. fb−1 at √s = 7 TeV, for neutral Higgs Φ  →µ+µ-                                                      

φ0→τ+τ- 

φ0→bb φ0→µ+μ- 
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1. Search, on 2.3 fb−1 of data collected at CMS in pp collision at √s = 7 TeV a LHC, for light 
charged Higgs in t → bH± that decays in H± → τν 

• Limit on the BR(tH ± b) within 3%  

• Set upper limit at 95% CL the mass range [80,160] GeV starting from tanβ ≈18 

2. Search, on 4.8 fb−1 at √s = 7 TeV, for neutral Higgs Φ  → bb 

         Search, on 4.9 fb−1 at √s = 7 TeV and 12.1 fb−1 at √s = 8 TeV, for neutral Higgs Φ  → τ+τ- 

         Search, on 5. fb−1 at √s = 7 TeV, for neutral Higgs Φ  →µ+µ-                                                      

φ0→τ+τ- 

φ0→bb φ0→µ+μ- 

Спасибо! 
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1. Search for a light charged Higgs boson in top quark decays in pp collisions at √s = 7TeV 
       http://dx.doi.org/10.1007/JHEP07(2012)143 
 
2. Search for a Higgs boson produced in association with b quarks and decaying into a b-

quark pair  
3. http://cdsweb.cern.ch/record/1460104/files/HIG-12-026-pas.pdf 

 
4. Search for SuperSymmetric Higgs boson states decaying into bb and produced in 

association with b-quarks in events collected by semi-leptonic triggers in pp collisions 
at at √s = 7TeV 

5. http://cdsweb.cern.ch/record/1460105/files/HIG-12-027-pas.pdf 
 
3.   Search for MSSM Neutral Higgs Bosons Decaying to Tau Pairs in pp Collisions 
2. http://cdsweb.cern.ch/record/1493521/files/HIG-12-050-pas.pdf 
 
4.   Search for Neutral MSSM Higgs Bosons in the μ+μ- final state with the CMS experiment 

in pp Collisions at s√=7TeV 
2. http://cdsweb.cern.ch/record/1453716/files/HIG-12-011-pas.pdf 
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The MC di-muon invariant mass distribution, for each signal hypothesis (mA, tan β), is fitted by:  
 

   
Each F is a convolution  of Breigt-Wigner (BW) and Gaussian functions,  
and contains 2 free parameters (mass and width) computed in the fit. 

 
                                                    The data di-muon invariant mass distribution is fitted by                                               
                                                     
                                                    where the background is described by:  
 
 
 
                                                     the free parameter “fBackground” 
                                                     computes the amount of  
                                                     observed signal in the data. It’s 
                                                     computed in the by the final fit. 
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Cross section  pp at LHC at 8 TeV 
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The Higgs bosons 
masses in the MSSM 
mh

max scenario. 
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b-tag efficiencies and mistag rates for c-quarks/light-quarks + gluons  
validated in Data 



b tagging performance 

Efficiency 

Fake rate 

High purity 

High efficiency 

High efficiency 

High purity 
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 mh
max scenario 


