
SM Higgs boson or not? 

JPC  = 0++ ? 

Model independent 
Clean and transparent 

Complementary  

[Assumption]  
A single(?) resonance  

SM-like production and decay 

Reasonably precise mass : ~125 GeV 



Production Decay 
SM Higgs 

Clean  
signature 



Most powerful channels for spin and parity determination  

Clean & precise 
Fully reconstructed 

Only D 

P+D 

Unambiguous confirmation of SM H  



General analysis 

General vertex structure 

Any integer spin J 
Even(+)  vs. odd(-) parity 

Angular correlations 
Invariant mass distribution 

Polarization 



General description for arbitrary H spin J  
[Helicity Formalism] 

Traceless and symmetric 

Independent of H helicity m 
(Wigner-Eckart theorem) 

At most “9” independent terms 



General HZ*Z couplings Massive Z*, Z  



Bose symmetry & gauge invariance for massless photons and gluons 

General Hγγ and Hgg vertices 

General Tensors for J ≥ 3 

Landau, 1948; CN Yang, 1950 





[CERN Courier, 2013-05] 

[~100 events] 



Kinematic variables 

Fully reconstructible kinematic configuration 

Only D 



 Angular correlations 

Invariant mass and polar & azimuthal angle distributions 

sharp 
decrease 





Unambiguous selection rules for SM Higgs boson 



[HIG-13-002 @ CMS] 



Summary of spin/parity hypothesis tests 

[CERN Courier, 2013-05] 



Powerful and complementary processes 

Production angle 
Z momentum  
Z polarization 

Z* invariant mass  

τ direction  
τ polarization  

CMMZ, 2002 
Gao ea, + De Rujula ea  2010 

Berge, Bernreuther, Ziethe, 2008 

Parity only 

Partial spin (0, 1, 2) + parity 



Hagiwara, Li, Mawatari, 2009 

Various angular correlations 

Partial spin (0 and 2) + parity analysis 



Summary 

LHC Higgs CXN WG, YR3 


