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SM Diboson production 
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 SM predicts vector boson self-interactions 
 Diboson production (WW, WZ, ZZ, Wγ, Zγ) 
  −  precision measurements of SM at TeV scale 
      −  unique probe for Triple Gauge Couplings 
      anomalous TGC indicates new physics  
      −  background to Higgs and many searches of new physics 
       

LO production diagram  
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WW production 
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    Signature   
    WW → +- + ET

miss 
     − two opposite-sign charge leptons (e, μ) 
        lepton pT > 20 GeV 
     − large Missing Transverse Energy (MET)  

 Background  
 Drell-Yan, Wjets, tt ̄: 
− |Mll - MZ| > 15 GeV for ee and μμ 
− Mll > 10 (15) GeV for eμ, (ee, μμ) 
−  ET

Miss,Rel   > 25 (45) GeV for eµ, (ee, μμ) 

(7 TeV 4.6 fb-1, arXiv 1211.2979) 

µµ µµ 

After MZ cut 



WW ➝ νν results 
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Combined total cross‐section  ( 7 TeV) 
   51.9 ±2.0(stat) ± 3.9(syst)±2.0 (lumi) pb 
 compatible with NLO MCFM+CT10 
 pb44.7 2.1

1.9
+
−

Final selected, combined 

 Higgs (126GeV) contribution  
    ≈ 3% of σWW   not included in calculations 

(7 TeV 4.6 fb-1, arXiv 1211.2979) 
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−  detector fiducial,         −  full phase space,     

Cross section measurement 



WZ  production 
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Signatures: 
−   tri-leptons, one Z + ET

miss 
Background: 

−   Z+Jets, tt ̄ , diboson 
 

Selection: 
−   3 high pT leptons  
     pT >15 GeV, pT >20 GeV for W decay lepton 
−   event ET

miss> 25 GeV 
−   mT

W> 20 GeV 
−   Z mass window  |m – mZ| < 10 GeV 

 (  7 TeV 4.6 fb-1, EPJC 72 (2012) 2173 
  8 TeV 13 fb-1, ATLAS-CONF 2013-021 ) 

8 TeV 13 fb-1 



WZ  results 
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Total cross -section                                                        MCFM calculations                       
   

 pb  0.8 20.3                       pb         (lumi)     (syst)    (stat)   20.3     : TeV 8

pb      17.6                       pb  (lumi)  0.4   (syst)  0.9   (stat)   19.0     : TeV 7
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WW/WZ semi-leptonic 
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(7 TeV 4.7 fb-1, ATLAS-CONF 2012-157) 

Total cross‐section   measured    
       

7 TeV:       72 ±9(stat) ±15(syst) ±13 (MC stat) pb    
  

MCFM      63.4 ±2.6 pb 
 

(WW+WZ)→ νjj 
Background: 
−  W/Z+Jets, tt ̄ , diboson 

 

Selection: 
−  exactly 1 lepton,   suppress Z+jets 
−  exactly 2 jets,   suppress QCD multi-jets  

pT(j1)>30 GeV , pT(j2)>25 GeV  
Δϕ(ET

miss ,j1) > 0.8, 
ΔR(j1,j2) > 0.7,  |Δη(j1,j2)| <1.5 

−  MET> 30 GeV, mT > 40 GeV 
 
    
    



ZZ  production         
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Signatures: 
−   leptons paired into Z 
−   isolation, ΔR() > 0.2 
−   ZZ→  (8 TeV) : 66 < Mll < 116 GeV 
−   ZZ→ νν (7 TeV) : Axial ET

miss >75 GeV, no jet  

Background: 
−   very clean, little background 
−   Z/W+Jets, tt̄, Single top, diboson 
−   data-driven estimation 
     relax isolation, obtain fake fraction 
     extrapolate background yield 

( 7 TeV 4.7 fb-1, JHEP03(2013)128 
  8 TeV 20 fb-1, ATLAS-CONF 2013-020) 

ZZ→ νν,  Z+jets cut  ZZ→  



ZZ  results 
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Measurements of total cross‐sections 
 

  8 TeV analysis of ZZ→   
 
 
 
  7 TeV analysis of ZZ→ , νν  
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Wγ, Zγ  production 
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Signatures: 
− Wγ  single lepton +ET

miss +γ  
−  Zγ   two lepton (Z→)+ γ,  
   Zγ  ET

miss (Z→νν) +γ 

Background: 
−  Z/W+Jets, γ+jets, Drell-Yan 
−  ΔR(,γ)>0.7   cut on FSR 

(7 TeV 4.6 fb-1, arXiv: 1302.1283) 



Wγ, Zγ results 
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Cross section for W/Zγ 
0-jet compatible with MCFM 
predictions 

Systematics ~9% 
MC NLO, Lumi, bkgd estimation 
Lepton/γ ID, jet, ET

miss 

νγ γ 



anomalous TGCs 
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 Effective Lagrangian:   
 charged TGC interactions 
 

 
 neutral TGC interactions  
 

 SM predictions:  λγ=λZ  =0, g1
Z=κγ=κZ  =1  

 Neutral TGC ZZZ, ZZγ, Zγγ are forbidden 
 (Z, γ has no charge nor weak isospin) 

 Anomalous TGC effects: 
 enhancement in high pT 
 changes in angular distributions 

 Form factor to avoid unitarity violation 
  

               Λ= cut-off scale  
                n= FF power 
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WWV aTGC in WW 
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Full 2011 dataset, likelihood for pT
 > 120 GeV 

Consistent with SM predictions 

 HISZ scenario 

 Equal couplings 

 LEP scenario 
  Constraints to reduce number of aTGCs 



WWZ aTGC in WZ 
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Full 2011 dataset 
Consistent with SM predictions 



ZZV aTGC in ZZ 
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WWγ, ZVγ 
aTGCs 

16 

Wγ 
Zγ 

Wγ Zγ 

aTGCs  tests on photon ET distributions, hard-jet veto 

Zγ 

aTGCs, no deviation to SM predictions 



Summary 
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 Measurements of diboson production in  
 WW, WZ, ZZ, Wγ, Zγ    have been performed 

 Production cross sections are in agreement with  
 the Standard Model predictions 

 Contributions of Anomalous Triple Gauge Couplings, 
 not observed, limits are set 

 Update analyses with full 8 TeV data expected soon .. 
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