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Di-boson production 
• Background to many SM and BSM searches (Including Higgs) 
• Search for New Physics through Anomalous couplings 
 

 
 
 
 

Status: 
 

• NLO QCD known for a long time: 40-300% 
• NLO EW known for some processes 
• LO QCD GF induced contribution (NNLO) known: Up to20% 
• Full NNLO QCD known for some processes:  40 % 
 
Experimental Precision                        Improve Theoretical 

 



  “ZZ” 

 LO 

GF LO 

NNLO 



 
NLO QCD corrections large 
 

• New sub-processes 
• New topologies 
 

• At NNLO  
 
• New sub-processes  
• New topologies 

 
Potentially large corrections 
 

 
Beyond NLO QCD ? 

 

LO 

NLO 

NNLO 



ZZ at NNLO 

ZZj  at  NLO 
GF ZZ at LO 



LoopSim  
Program by: M.Rubin G.Salam and S.Sapeta: 1006.2144 

     Merge Samples of different multiplicty:  
 

 Simulates higher order corrections 
     Unitary approach: Cancellation of IR divergences 



LoopSim  

Sum of weights = 0  (Unitarity)  



Ingredients: 
 VBFNLO:      
  ZZ@NLO        ZZj@NLO  
              GF ZZ@LO     GF ZZj@LO 
 
Note that GF ZZ@LO contributes at NNLO and  
              GF ZZj@LO contributes at NNNLO 
 
 Merging Convention:   
 
GF ZZ@LO + GF ZZj@LO     = GF   ZZ@nLO    
   ZZ@NLO  +    ZZj@NLO   + GF ZZ@LO  = ZZ@nNLO 

Exact  at NNLO 



LHC at 8 TeV: Comparison 
 Ref.[32]: F. Cascioli, T. Gehrmann, M. Grazzini, S. Kallweit,  
                P. Maierhfer, A. von Manteuffel, S. Pozzorini  et al.,  
                Phys. Lett. B 735 (2014) 311 [arXiv:1405.2219] 

 GF  60% of total NNLO corrections 
nNLO   vs NNLO  2%: within scale uncertainties 



LHC at 8 TeV 
  Input Parameters: 

   Scale: 

   PDF set: 

MSTW2008    at     NNLO   



SM and AC Searches 



HT Distributions 





PT    Distributions 



4 lepton observables 



Higgs Cuts 



    M4l      &     pT,Z
lead 



Summary 
ZZ@nNLO + GF ZZj@LO 
 
Total Cross section: 
• Good agreement with known NNLO 
 
Differential Distributions 
• Corrections can be large 30-100% 
• Observable favoring LO kinematics:5% 

 
Needed for accurate phenomenology 
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