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 ̋ ATLAS and CMS have announced the discovery of the SM(-

like) Higgs in the 125-126 GeV invariant mass range.  

 

 

 ̋ So far no evidence beyond the SM has appeared yet. 

 

 ̥ Theoretical puzzles raised in the SM still remain unsolved.  

 



 
 ̋ 126 GeV is too large for the MSSM Higgs mass,  

since it requires a too heavy stop mass (> a few TeV),  

which compels the soft parameters to be finely tuned to match MZ.  

  

 ̋ For naturalness of the Higgs mass,  the stop should be 

relatively light.  At the moment ,  (fortunately)  mt
2 > (600 GeV)2, 

which provides just  ǂmh
2| top > (76 GeV)2 .  

 

 ̥d ǂmh
2| new > (84 -- 43 GeV)2  for tanǟ = 2 ð 50 needed.  

 



Radiative  Correction  
(1. Radiative  mass & 2. Renormalization)  

    

The top and stop  make  contributions  to  

 

1. the  radiative  Higgs  mass   :   

2. the renormalization of  m2
2 : 

4 



 

W = yN LhuN
c
  +  ǩLLLc  +  ǩNNNc     

             

Vector -like Leptons   

With the extra vector-like lepton doublets  {L, Lc},  

and the lepton singlets  {N, Nc},         

( |ǩL| > | ǩN| ) 



 

W = yN LhuN
c
  +  ǩLLLc  +  ǩNNNc     

             

Vector -like Leptons   

With the extra vector-like lepton doublets  {L, Lc},  

and the lepton singlets  {N, Nc},         

( | ǩL| > | ǩN| ) 

No  2 photons  enhancement !  



 

W = yN LhuN
c
  +  ǩLLLc  +  ǩNNNc     

             

Vector -like Leptons   

With the extra vector-like lepton doublets  {L, Lc},  

and the lepton singlets  {N, Nc},         

( | ǩL| > | ǩN| ) 

L ɷ Nc + SM fermions (+ LSP)   



Radiative  Correction  
(1. Radiative  mass & 2. Renormalization)  

    

As the (s)top,  Vec.-like leptons  make  contributions  to  

 

1. the  radiative  Higgs  mass   :   

2. the renormalization of  m2
2 :   

[ NV=2 for SU(2)Z  ] 



Radiative  Correction  
(Radiative  mass) 

VLs contribute to the radiative Higgs mass, ǂmh
2 : 

    

where 



Radiative  Correction  
(Renormalization)  

VLs  contribute to the renormalization of m2
2(Q): 

    

Inserting the RG soln of m2
2(Q) yields the low energy value of m2

2(Q),  i.e. m2
2(Q=EEW),  

replacing the Q dependence by MGUT :                                                                        [ NV=2 for SU(2)Z ] 

Thus, one of the minimum conditions in the Higgs potential is 



Radiative  Correction  
(Radiative  mass & Renormalization)  

    

A larger yN is preferred    ɷ   The Landau-pole problem would arise!!  

{ǩL
2, m2} need to be as small as possible.  ɷ  Vec.-like (s)quarks disfavored. 

As the (s)top,  Vec.-like leptons  make  contributions  to  

1. the  radiative  Higgs  mass   :   

2. the renormalization of  m2
2 :   



    

  

To minimize the fine-tuning,  we suppose that 

Radiative  Correction  
(Renormalization)  

the stop mass,  mt
2

   is around  (600 GeV)2 or  larger,  

   

and  
   

| ǩL|
2  

 ( >|ǩN|
2)  ,  m2

  are  smaller  than  (600 GeV)2 . 



Radiative  Correction  
(Radiative  mass) 

    

For NV= 2,  |ǩL|
2  ̵

  

>>  vH
2
, 



Radiative  Correction  
(Radiative  mass) 

    

For NV= 2,  |ǩL|
2  ̵

  

>>  vH
2
, 



Radiative  Correction  
(Radiative  mass) 

    

For NV= 2,  |ǩL|
2  ̵

  

>>  vH
2
, 



    

yN å 0.7 (so |y N| 4 å 0.24) , which is the 

Maximal Value allowed at the EW scale  

avoiding the Landau-Pole constraints 

can NOT explain 126 GeV Higgs mass.  

     

ɷ  Need  a  much  larger  soft  para. 

ɷ  Fine-Tuning 
   


