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      Search for the SM Higgs Boson in
            Dilepton + E

T
 final state
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Introduction

Clean signal signature:
      - Two high p

T
 leptons

      - Oppositely charged 
      - High missing E

T
 

     

-  Higgs Boson, massive scalar particle predicted by SM yet to be observed !

-  The analysis considers all SM Higgs production modes: 
         - Gluon fusion gg→H  (σ = 0.2 – 1.0 pb)
         - Associated production Z/WH  (σ = 0.01 – 0.3 pb)
         - Vector boson fusion qq→H     (σ = 0.01 – 0.1 pb)

-  Above 130 GeV Higgs mass, the dominant decay mode is H→WW* 

-  Three dilepton final states considered (eμ/ee/μμ)
     - Combined dilepton channel has the highest sensitivity to the 
        Higgs Boson at m

H
=165 GeV

Background to this search signal:
   - Z/γ* →ll (instrumental E

T 
)

   - multijet (jets faking as lepton)
   - W+jets (one real lepton)
   - tt (real leptons and real jets)̄
   - SM Diboson production (WW/WZ/ZZ)
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PreSelection 
-  The analysis uses 8.1 fb-1 of data. 
-  Select events with:
           - two high p

T
 leptons

           - within the detector acceptance
-  Split the analysis into three jet multiplicity bins  (0, 1, >1).
-   9 exclusive selection channels (three dilepton final state and      
    three jet bins)
-   At preselection (all dilepton channels combined)
     Exp. Bkgd 1218279

Obs. Data  1213141             
   Exp. Sig (165 GeV)              70
                       

                           

S/B ≈1/105
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Multivariate Techniques -  Since at pre-selection S/B is very low,
    multivariate techniques (DTs) are used to           
 separate the signal from backgrounds.

-  ee/μμ channels use DTs twice 
➢ to reject the  Z/γ* background
➢ Separate signal from other bkgds. 

     
-  The DT's are trained for each jet bin and 
    for each higgs mass point. 

-  The signal as well as the background                  
    composition  changes with jet bin. 
            0-Jet : Diboson vs. gg→H
            2-Jet : tt vs. Z/WH ̄

-  Different discriminating input variables used in  
    each jet bin to enhance the signal seperaton       
    (Eg. b-tagging in the 2 jet bin against tt̄).

-  The output of the Final Discriminant (FD)
    is used to search for a signal or to place limits   
    on the Higgs boson σ

incl 
(pp →̅ H+X).
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Results
-  No significant excess is observed hence exclusion limits 
   are  set at 95 % C.L . 
-  With the increased senstivity, we are able to exclude 
    165 GeV at 95 % C.L, exp(obs) limit is 0.97(0.91).
-  Good sensitivity at low mass as well. At 115 GeV,                   
    exp(obs) limit is 8.55(9.95). 
-  Major improvments in the expected senstitivity since          
    summer 2010 update. 
-  The channel plays a dominant role in the SM high              
    mass Higgs combination!
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DØ Detector

Tracking :
Silicon Microstrip tracker

Central Fibre trackers
in a 2T mag. field

Calorimeter :
Hermetic coverage with

A Central & 
2 End Cap calorimeters

Muon System:
Outermost system

Scintillators &
Wire chambers

in 1.8 T mag.field
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Event Selection Details 
 * ee channel 
      - two opposite charged electrons, required to originate from same vertex.      
      - leading electron with p

T 
>15 GeV and trailing electron with p

T
 > 10 GeV

      - M
ee

 >15 GeV

      - jets with pT > 20 GeV
Final Selection : Train a BDT against the Z/γ* background and place a cut on this discriminant. 
* eμ channel 
     - two leptons (oppositely charged) required to originate from the same vertex.
     - electron p

T
 >15 GeV 

     - muon p
T
 > 10 GeV

     - ΔR (e,μ) >0.3
     - jets with pT > 20 GeV
Final Selection : a cut is applied on the min. M

t 
> 20 GeV

* μμ channel 
       - oppositely charged dimuons originating from the same vertex. 
       - leading muon with p

T 
>15 GeV and trailing muon with p

T
 > 10 GeV 

       - ΔR (μ,jet) >0.1
       - calorimeter isolation < 10 GeV
       - jets with pT > 20 GeV
  Final Selection : Train a BDT against the Z/γ* background and place a cut on this discriminant. 
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BackGround Rejection

-  To reduce the massive Z/γ* background, di-electron and                 
  dimuon channel train a multivariate discriminant.

-  This discriminant is trained against Z/γ* background only, 
    for each jet bin and for each Higgs mass point. 

-   Different discriminating input variables are used to  
     seperate the signal. ( P

t 
, Et, Δφ

l1l2  
..)

-  A cut is applied on  this discriminant.  The choice of the cut           
   depends on the jet bin and m

H

-   The electron-muon channel does not use a mutlivariate                  
    discriminant and rather place a requirement on M

t

min  

    to reject the  Z/γ* as well as the multijet background. 
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Event Yield's ..(1)

             At Pre-Selection
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Event Yield's ..(2)

             At Final-Selection
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DT Details

   BDT Settings

List of Inputs to DT against Z/γ*:
- leading lepton pT
-trailing lepton pT
- invariant dilepton Mass
-ΔΦ(l,l)
-E

T

-M
t

min

- ΔΦ(l,E
T
)

max/min

- leading and trailing jet pT
- Δη(j1,j2)
- invariant mass of the dijet system
- ΔΦ(jet,E

T
)

max/min

Final discriminant – All above and :
 - likelihood of the electrons
 - quality of the muon
 - Number of hits in the first layer of the tracker
 - track isolation of Muons. 
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Limit Setting

Given the H0(null) and H1(test) hypothesis, we define:
 
CL

b
= fraction of H0 pseudo experiments less signal 

          like than data
Cl

s+b
= fraction of H1 psuedo-experiments less signal 

           like than data
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