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Introduction 



• Because the SM is almost perfectly consistent with the experiments, 
   composite models have been severely constrained. 
 
 
• However, it is still important problem whether or not the 125 GeV 
  Higgs boson (h) is elementary (exact SM Higgs) or composite. 
 
 
• Also, exotica searches, for example, W’/Z’/        , H/A/      ,VLF, etc. 
    are still going on. 

Unfortunately, no evidence of BSM is found yet… 



ICHEP2016 



ICHEP2016 



Dijet resonance search Dilepton resonance search 

Hsu, “Exotica searches” at ICHEP2016 



ICHEP2016 



• Once some excesses are reported by experiments,  
  many authors propose composite models matched with the data. 



Japanese NEBUTA festival in Aomori prefecture (2 mill. in 1 week! ) 



After the festival… 



In any case, 

Diboson excesses X  WW/ZZ/WZ 

Mx=2TeV 2015 June 

Diphoton excesses X  2 gamma 

Mx=750GeV 2015 December 

What is lesson? 



ICHEP2016 



It was a  good exercise  
                                                for theory (model-building) people! 



We pointed out a possibility of  
   a pseudoscalar candidate. PRL115, 171802 (2015).  

Aldo, Giaccomo, MH, 

At that time, many authors studied spin 1 candidate such as Z’ and W’, 
 and nobody considered spin 0 particle. I think there were two reasons: 

• smallness of the cross section 
 
 
• No WW/ZZ decay channels for a pseudoscalar 
   in popular dynamical models 

O(0.1fb) -- O(1fb) 

(The diphoton channel was CONSTRAINT in this case…) 



No WW/ZZ decay channels in popular dynamical models 

No WW coupling and negligibly small ZZ channel 

(pseudo-scalar candidate) 



• We proposed a vector-like confinement model. 
 
• In this case, we can easily evade the constraints from  
  the precision measurements unlike Technicolor models. 
   Thus we can focus our mind on the new data. 

• small cross section Internal degrees of freedom 

Nc=3 is essential in 

• WW/ZZ couplings New type of model-building 



Dynamical model (just an example) Aldo, Giaccomo, MH. 
PRL115, 171802 (2015).  



WZW term (anomalous int.) 

(For scalar, the NDA contains large uncertainties unlike the WZW term.) 





• We provided a toolkit for model-building 
   based on the DSB. 

Mx: input value at the excess 

: fitting parameters to the new data 

If there is an appropriate parameter space,  
 the matter contents and number of color in the funda- 
 mental theory should be chosen appropriately. 

The width by the anomaly terms is  
 usually narrow. 



Diphoton status @ Moriond, 2016 March 



Diphoton searches in ATLAS  
Marco Delmastro (LAPP)  









arXiv: 1512.04850 



arXiv: 1512.0492 
They studied a vector-like confinement model: 



Narrow width! 



Diphoton status @ ICHEP, 2016 August 



ATLAS 



CMS 



The excesses had been gone, 
 but the technique for a model-building is left. 
 
If another non-standard candidate in the diboson channels 
 will be observed at the LHC, we are now ready. 



Yukawa coupling 
in walking gauge theories 



We discussed an approach of the effective theory for the DSB. 
 
Now we turn to study a dynamical approach to the walking gauge 
 theory.  
 
In particular, we estimate the Yukawa coupling. This is still  
 mysterious in the framework of the SM. 
 
It might give some suggestions to the hQQ coupling, etc., where  
 Q is the vector-like quark. 



Yukawa (pi-N-N) coupling in QCD 



Scalar decay constant and  
  Yukawa coupling  M.Hashimoto, PRD83(2011)096003. 

We assume the ETC interaction for the SM fermion and  
 “Techni”-fermion, whose condensate is responsible for the EWSB. 

Mass of the SM fermion: 

 (renormalization constant) 



Yukawa coupling： 

Scalar decay constant: 



How to calculate 

Note that 



It is connected with the second derivative of the effective potential. 

Therefore 

Yukawa coupling V 



Formalism of the eff. potential 

 formalism  

By using  we formally obtain 

Note that J corresponds to current mass m0. 



We perform a non-perturbative calculation via the gap equation 
(Schwinger-Dyson equation). 

We use 2-loop running coupling (walking gauge theory). 

W(z): Lambert function 



 running effects in QCD 

EWSB 

Walking gauge theory 

Schematic running  
behavior in WTC 

PDG 

slowly running  



Vacuum energy 

2-loop numerical result 



Chiral condensate: 

Vacuum energy: 

Scalar decay const.: 

Num. of  TC Num. of  Flavor 

Num. of weak doublets 

Result: 



Numerical values 

More simply, 
We used 

(Hashimoto, PLB441(‘98)389.) 

with 



This approach is NOT applicable directly to the top and  
 Higgs (125GeV), because of the problems of mt and mh. 

However, it might give some suggestions to the system of  
 the composite scalar and fermions in the walking gauge theories. 

As for the form factor of the Yukawa coupling,  
 more complicated approach such as the Bethe-Salpeter amp. 
 is needed. Otherwise, we may employ an effective model 
 via the AdS/CFT correspondence. 



Summary 

• In the walking gauge theory, the Yukawa coupling can be 
   deviated from an expected value from the SM. 
   We studied the formalism for the estimate of the Yukawa  
   coupling and concretely showed the numerical results from  
   the non-perturbative approach by using the SDE (gap eq.).  
   This formalism might be useful for the system of the composite 
   scalar and fermions. 

• Although the composite models are severely constrained, 
  it is still worthwhile to study them.  
  I overviewed the latest circumstance of the diboson and  
  diphoton excesses observed at the LHC and the explanations  
  via the composite models. 



Thank you! 
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