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Event selection

  Event Preselection Event Selection
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Event selection

  Event Preselection Event Selection

Different electrons selection wrt the one used for the low masses analysis: 
moving from Medium-Medium to Loose-Loose 

signal efficiencies increase ~40%
over a small ZZ background

Z(→ee) and Zbb background contribution ~0 in high mH region
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Kinematic cuts

H → 4µ

dominated by intrinsic resolution

H → 4e

Convolution Rel. Breit Wigner + Gauss
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Signal pdf 

photons coming from final state radiation not considered in the mH reconstruction: 
fast check using MC truth ⇒ events with high pT photon (~100 GeV) from Z

photon recovery to implement to gain a better resolution on the mass 

signal modeled by a relativistic Breit-Wigner convoluted with a Gaussian + Fermi 
function to describe the tail 
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An example: selection cut flow for MH =400 GeV

No Z(→ee) and tt bkg contributions at high Higgs masses  
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Selection efficiency on signal 
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Results : events numbers and significances 

• NLO cross section 

• normalized to 30 fb-1
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Mass distributions

• reconstructed 4- lepton mass     
af ter  fu l l  event select ion 

• a l l  3 channels included

• no pi leup, no systemat ics

• normal ized to 30 fb-1

MH = 200 GeV

MH = 300 GeV MH = 400 GeV
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Mass distributions

• reconstructed 4- lepton mass 
af ter  fu l l  event select ion 

• a l l  3 channels included

• no pi leup, no systemat ics

• normal ized to 30 fb-1

MH = 500 GeV

MH = 600 GeV
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Signal significance

• signal events selected within a ±2σMH mass window

• results for integrated luminosity 30 fb-1

• only statistical fluctuation

• background assumed to be known with a negligible uncertainty 
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Significance extraction from data 

• evaluat ion of  background uncertaint ies to include in the 
s igni f icance calculat ion → reduce the conf idence level  for  
c la iming a discovery
• four f i t -based approaches for background and signi f icance 
extract ion 

✦ fu l l  range f i t  using signal  hypothesis at  f ixed mass and 
prof i le l ikel ihood method to extract  the s igni f icance
✦background-only s ideband f i t  in a restr icted mass range 
using number count ing wi th f requent ist  t reatment of  
background uncertainty 
✦background-only s ideband f i t  using the ful l  mass range 
and assuming knowledge of  the shape of  the MZZ 
distr ibut ion 
✦2D (M4l,MZ*) f i t t ing method with f loat ing Higgs mass and 
signal  hypothesis  
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Profile Likelihood Ratio Method 

• method used to provide H→4ℓ input to the combination of all ATLAS SM Higgs search

• four lepton mass used as discriminant variable to construct the likelihood 

• signal and background probability density functions determined from MC 

• signal modeled by a relativistic Breit-Wigner + Fermi function 

• ZZ background modeled using a combination of Fermi functions
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14
luminosity needed for 95% CL exclusion 

Profile Likelihood Ratio Method : Results
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Conclusions

•  H → ZZ →4 ℓ covers a wide mass range (from 120 GeV/c2 to 
600 GeV/c2 with a large discovery potential
✓ gold-plated channel when Higgs is heavier then 200 GeV/c2

• Exclusion for high Higgs masses possible with few fb-1
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Back Up Slides
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MC samples

signal

Background 
NLO cross section 
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Systematic uncertainties
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Profile Likelihood Ratio Method 
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