
•  Integrated luminosity (from Z or W produc7on wrt theore7cal cross sec7on: 5% ) 

•  Lepton Reco, ID and Iso efficiency (tag and probe with Z→ll sample: aEer 100 pb‐1  electron efficiencies uncertainty < 2.5% ) 

•  Mis‐calibra7on and mis‐alignment (with the tracker 100  pb‐1 misalignment scenario → in the 4μ channel M4l  increase of 2% ) 

•  Data‐driven methods to measure backgrounds from data: Zbb: sidebands method (35%) , ZZ : normaliza7on to single Z (8%) 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  Used variable: 3D IP Significance 

            : distance between primary vertex 
and lepton track point of closest approach 

             : associated uncertainty 

  Track isola7on variable 

 ISOtrack = Σ pTtr |R=0.015‐0.25  

  Calorimetric isola7on variable 
 ISOECAL = Σ ETECAL |R=0.25  

 ISOHCAL = Σ ETHCAL |R=0.25  

  Combined variable 
 ISO = α × ISOtrack + β × ISOECAL + γ × ISOHCAL 

  Sum of two worst isolated leptons as 
event isola.on variable (ISO2least ) 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Higgs search at CMS: 
the golden channel H➝ZZ(*)➝4l 

Cristina Botta 

For the 65° Scottish Universities Summer School in Physics 

Higgs physics as of today 
  Experimental Limits 

•  LEP → mH   ≥ 114.4 GeV at 95% CL 
•  TEVATRON Run II → 160 ≤ mH  ≤ 170 GeV  

                                          excluded at 95% CL 
hjp://indico.il.edu.pl/MaKaC/contribu7onDisplay.py?

contribId=816&sessionId=6&confId=11 

  Indirect Constraints  

•  Preferred fit value mH =90‐27+36 GeV (68% CL) 

•  mH ≤ 163 GeV (95%CL) and ≤191 GeV  
     (with LEP results) 

hjp://lost‐contact.mit.edu/afs/cern.ch/l3/lepewwg/Welcome.html 

  Theore7cal Limits 

•  mH < 1 TeV from unitarity arguments 

•  If λ cutoff ≈ 1TeV weaker limits: 50≤ mH ≤ 800 GeV 

G.Ridolfi, hep‐ph/0106300 

     H → ZZ(*) →4l   (l = μ,e) main discovery channel for its clean signature over a wide mass range: 

                   4 isolated high pt leptons emerging from the event primary vertex 

High mass Higgs search 

 Analysis at 1fb-1 

Significance and Exclusion Limit 

Isola7on 
Impact 

parameter 
Leptons pT  M2l 

Main backgrounds: 

  ZZ➝ 4l 
•  Comphep + Pythia, s + t channels  
•  σLO = 846 s 
•  m4l  dependant NLO K factor  
•  Addi7onal gg contribu7on of 

 20% at LO 

  Zbb➝ llbb: Comphep + Pythia 
•  σLO = 345 pb 
•  Constant K factor: 1.66 ± 0.03    

  tt + jets: inclusive, Alpgen + Pythia 
•  σNLO = 840 pb 

Backgrounds with jets faking leptons 

  Z+jets,  W+jets: with Alpgen + Pythia 
  QCD samples with Pythia 

H➝ZZ(*)➝4l: Signal and Background 

Reducing Event Rate Discriminating variables 

CMS PAS HIG‐08‐003  

HLT 

Skimming 

Preselec7on 

  OR of single/double isolated/relaxed 
electron/muon 

  f. g.: double relaxed thresholds 

pT(e) > 12 GeV/c, pT(µ) > 3 GeV/c 

HZZ*2e2μ 

  ≥ 3 leptons, any flavors any charge and 
pT1,2,3 > 10, 10, 5 GeV/c 

  ≥ 2 ll pairs of iden7fied, opposite charge and 
same flavor leptons 
•  e:  pT > 5 GeV/c; |η| < 2.5       
•  µ:  pT > 5 GeV/c [barrel]                                                          

or (pT > 3 GeV/c and p > 9 GeV/c)  
[endcap]; |η| < 2.4     

  At least two ml+l‐ > 12 GeV/c2  
  At least one m4l > 100 GeV/c2 
  Loose track based isola7on 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Systematics and Background Control from data 

  Pythia 6.225 MC generator with CTEQ5L PDF 
  Enhancement for 4e and 4µ 
  NLO cross sec7on used 
  Typical σNLO(ppH) × BR(HZZ4l)  

•  12 s @ mH ≈ 150 GeV/c2 
•  22 s @ mH ≈ 200 GeV/c2 

Signal: 

       Higgs Decays: high mass region (MH ≥ 140 GeV) 

•  BR in WW(*)  dominant ( for mH  ≤ 2MZ , ≈1 @ MH =160) 

•  BR in  ZZ(*)  < 1/2 of WW(*)  BR (apart from mH  = 2Mw ) 

Both channels mainly accessible through vector boson leptonic decays 

Most performant in 140‐600 GeV : H→ZZ(*)→4l, H→WW(*)→2l 2ν  
For masses >600 GeV in combina7on with:  

H→ZZ(*)→ll νν,  H→ZZ(*)→ll qq,  H→WW(*)→l νqq     

Almost completely reduced backgrounds with jets faking leptons 

To reduce j and Zbb backgrounds 

Final Selection 

  CMS analysis shows that  a signal evidence with a 
significance above 2 is found unlikely for a Higgs anywhere in 
the mass range considered (“Look Elsewhere Effect” !!!) 

  In absence of a significant devia7on from SM background it 
can be excluded if MH  ≥ 185 GeV  

  with 5s‐1 a High Mass Higgs 140‐450 GeV can be discovered 
(5σ significance) at CMS combining HZZ and HWW channels 

€ 

SIP =
IP 3D

σ IP
3D

  cut on μIso and eIso vs Pt of the third μ/e (sorted by Pt) 
  cut on Pt of the fourth μ/e (sorted by Pt) 
  cut on the highest value of SIP 
  cut on MZ and Mz(*)   

Op7mized separately according to the final state: 4μ, 2e2μ,4e 

Main experimental uncertain7es for lepton channels and their effect on the expected sensi7vity are being 
considered (data‐driven methods and extrapola7on from MC when needed) 

@1s‐1 


