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➢ Motivation
• Diboson polarization: a good probe for SM test and New 

Physics search:
• Longitudinal-longitudinal (LL) version of VBS to test

Higgs mechanism of EWSB in SM1

• Polarized differential cross-sections sensitive to aTGC
and EFT operators in general2

• pp→4l differential cross-sections measured as a function 
of many observables with high precision in ATLAS3

• Kinematic observables behaving differently in ZZ(4l) 
according to polarization states (TT, TL, LL), e.g. angular 
observables 

Selection and Observables MVA method on LL significance
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• Z→ll decay angle:

• Aiming to measure ZZ polarization based on angular 
observables, and other observables if possible

➢ Selection
• On-shell ZZ region with loose lepton selection

• LL component appearing with a fraction of only ~6%
• Kinematic differences suppressed with low LL fraction
➢ Observables
• Observables are defined based on different reference 

frames
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• Each observables compared, the definition being able to 
enhance LL significance chosen. Most of the optimized 
observables defined in ZZ rest frame
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• Considering to combine the separation power in all ob-
servables to compensate the influence of low LL fraction 

decay angle in inclusive 4l3 decay angle of Z polarization pt of Z polarization4

• MVA method to extract, condense the differences of 3 
polarization states and classify them

• Boost Decision Tree (BDT) used and achieving very nice 
performance after detailed tuning

• Optimized observables as inputs:

• 𝑝𝑇,4ℓ
LAB,  𝑦4ℓ

LAB,  Δ𝜙𝑝𝑎𝑖𝑟𝑠
LAB , cos𝜃1

ZZREST,  cos𝜃2
ZZRSET, cos𝜃𝑍1

∗,ZZREST,

• ΔRℓ1ℓ2
ZZREST, ΔRℓ3ℓ4

ZZREST, Δ𝜙ℓ1ℓ2
ZZREST, 𝑝𝑇,𝑍1

ZZREST, 𝑦𝑍1
ZZREST

AUC: 0.84

                             

            

   

 

   

 

   

 

   

  
  
  
 
  
 

                        

                            

                    

                        

           
                            

                      

       
    

           

       
    

           

                             

            

   
    

 
    
   

    
   

    
   

    

  
 
  
  
 
  
  

K-S: 0.162 stat-only:4.52σ

• LL significance fit including only statistical uncertainty

                     

              

                      

                 

                 

                      

                     

                         

                        

                       

             

        

       

                 

               

               

                     

           

          

                 

                 

                   

    

   

   

   

   

 

  

  

  

  

   

                        
                                                  

                    

               

                      

                   

                  

                    

                    

                     

                      

                     

             

        

       

                 

               

               

                     

           

          

                 

                 

                   

    

   

   

   

   

 

  

  

  

  

   

                        
                                                      

• BDT giving LL significance of 4.52σ, while the best result 
of fit on individual observable yielding 2.95σ


