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1. What Do We Know About The LHC Higgs Boson 
Search Experiments? 

The two “golden channels” X -> gamma gamma and X -> ZZ* -> 4 leptons 
are free of hadronic background.  Latest data from LHC presented at 
Kyoto, November 14-15 (ICHEP).  2011 data ~ 5 -10 fb-1 and 2012 data ~ 
12 fb-1 (7. The combined  2011 and 2012 data ~ 17 fb-1 7 (plus 8 TeV).  

No upgrade of X -> gamma gamma by either CMS or ATLAS using 
12 – 17 fb-1 (?) 
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Higgs-like 125 GeV boson 

http://profmattstrassler.files.wordpress.com/2011/12/lighthiggsbr_gap.png
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                       Philip Gibbs CMS combination plot 

http://www.presentationpro.com/powerpoint-design-20147-action-button-help-red.aspx?catID=59


X -> ZZ* -> 4l peak is there 
and increasing in size with 
more data. 
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● The H → WW → ℓνℓν search at ATLAS has been 
updated to 13 fb-1 of 8 TeV data 
 
● The result is comparable to previous 7 + 8 TeV combination 
– 2.6σ excess (alone, 1.96 expected) for mH = 125 GeV Higgs 
boson 
 
● The result is consistent with the SM Higgs boson but still not 
much excess above expected background without Higgs boson 

Latest ATLAS H → WW* Results from KYOTO 



Does the X boson couple to fermions? 
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Consistent with SM and bkgr hypothesis only. 
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No significant excesses are observed: 95% CL limit at 125 GeV 1.8 (1.9) x 
SM observed (expected); p-value of background only hypothesis: 0.64 
(0.15).  Signal strength = μ =  -0.4 ±0.7 (stat) ± 0.8 (syst)  

Still no conclusive results from fermion final states 
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No clear signal and deviation from bkgr for X -> bb. 

No direct evidence for coupling of X (H) boson to fermions! 
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X -> ZZ* -> 4 leptons 

,  

P.Avery, A.Drozdetskiy, Mitselmakher et al. arXiv:1210.0896 
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S. Bolognesi et al.,  arXiv:1208.4018. Simulated separation of 0+  versus 0-. 
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 Scalar 0+ 
Pseudoscalar 0- 
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Outliers 
 

Take distributions to be Gaussian, 1-sigma error bars to be 1-sigmas. This gives  
0.57 (+0.26) 

(-0.23)  with all 16 events. Scalar and pseudoscalar well within 1-sigma  
(Viktor Toth, private communication). 

0- 0+ 
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1-sigma 
error 
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Leaving out the event “outliers” 
we get  
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The spin J=0+ Lagrangian for the scalar standard model Higgs boson is 

The spin J=0- effective Lagrangian for a pseudoscalar Higgs boson is 
given by (not renormalizable): 

Dim-5 operator 

X  ZZ*  4 leptons        The amplitude for the decay                                         is smaller by 1 – 2 orders 
of magnitude for a pseudoscalar Higgs boson, which will not fit the ATLAS and 
CMS data!                                            
  Determinations of spin and parity have been based on the Higgs SM and effective 
Higgs Lagrangians .  To test the parity of the quarkonium J=0-  resonance  
model, the model amplitude has to be analyzed and compared to the scalar Higgs 
amplitude. 
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2. Higgs Boson “Imposter” Resonance Model  
     (JWM, arXiv:1211.2746v3) 

Picture the new 125 GeV boson as a spin 0,  heavy quarkonium 
resonance. The resonance is a mixture of bottomonium                   
and toponium                   .  

The effective Hamiltonian is given by 

The mass matrix can be diagonalized: 
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By inverting, we get 

The mixing angle is φ = 36o  and                                 and   
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Overlapping resonances: 

3.  Quarkonium Decay Rates and Branching Ratios 

The decay rates and production cross sections for heavy quarkonium can be 
calculated from non-relativistic potential and wave functions.  By integrating 
the non-relativistic Schrodinger wave equation by parts and applying 
boundary conditions at r = 0  and r = ∞,  we get 
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The decay rates of  ζ  -> 2 photons  and ζ  -> 2 gluons are 

The decay rates ζ -> Z γ and ζ -> ZZ* and ζ -> WW* are  
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The decay rates ζ -> fermions-antifermions are significantly suppressed 
compared to H -> fermions-antifermions.  The decays ζ -> τ τ and ζ -> bb are 
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The production cross sections for ζ and Higgs bosons are 

The factor           is a QCD correction factor.  The signal strength and ratio are:  
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4. Summary 

 
 
 
   

• More data needed to confirm the parity of the 125 GeV boson.  
 
•   We need ≥ 5 σ decay channel rates and branching ratio results for  
      X -> WW* -> 2 l ν ν, X -> τ τ and X -> b b to confirm the SM Higgs boson. 
      We need 8 TeV, L ~ 17 – 20 fb-1 data to confirm and fix the signal 
      strength for the X -> 2 γ decay channel 
 
• The Higgs boson “imposter” spin 0, pseudoscalar resonance model can be 

consistent with the current LHC data. The boson decay rates and branching 
ratios are comparable to the SM Higgs boson predictions. However, the X -> 
fermion-antifermion decay rates and branching ratios are significantly 
suppressed. A strong confirmation of the X ->  τ τ and X -> bb decay channel 
signals will rule out the quarkonium resonance model.  
 

• For a possible alternative electroweak symmetry breaking model, 
      see: JWM, arXiv:1203.1573 
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