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Yukawa unification  :   

MSSM at large tanb 



                                Outline                           

     SO(10)  Yukawa unification  

     Large  tan b ~ 50 

    mtop , mbottom , mtau   

     Soft  SUSY breaking masses 

               Inverted scalar mass hierarchy 

     Higgs masses  

     Fermion masses and mixing 

     Flavor violation 
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Albright, Anderson, Babu, Barr, Barbieri, Berezhiani,  

Blazek, Carena, Chang, Dermisek, Dimopoulos, Hall,  

Masiero, Murayama, Pati, Raby, Romanino, Rossi,  

Starkman, Wagner, Wilczek, Wiesenfeldt, 

Willenbrock 

Possible  UV  completion to strings !! 

Effective higher dimension operators, 

             Small rep’s +  Many  predictions !! 

Hierarchical   SO(10)  Yukawas 
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Note,   CANNOT predict top mass due to  

large  SUSY  threshold corrections to   

bottom and tau mass  

                      Hall,  Rattazzi & Sarid 

                            Carena, Olechowski, Pokorski & Wagner                     

So instead  use  Yukawa unification to predict 

soft  SUSY breaking masses !! 
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Bottom mass corrections 
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 Radiative  EWSB  requires 

Blazek, Dermisek & Raby   

             “Just so”  =  “NUHM”   



                         Bagger, Feng, Polonsky & Zhang 

                                     PLB473, 264 (2000) 

 Third family scalars lighter than first two !  

 Suppresses flavor  &  CP violation       

Inverted  scalar mass  hierarchy 
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* SM
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Albrecht, Altmannshofer, Buras, Guadagnoli, &  Straub 

                                         JHEP 0710:055  (2007)  
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                  Light  Higgs  mass 
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                  Light  Higgs  mass 
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          Light  Higgs  SM-like  
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Dermisek & Raby                PLB 622:327 (2005). 

 

Dermisek, Harada & Raby     PRD74,  035011 (2006) 

 

Albrecht, Altmannshofer, Buras, Guadagnoli & Straub 
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3  Family  SO(10)  +  family symmetry   



    3 family   SO10    SUSY  Model 

     D3 x U(1)  Family  Symmetry 

      Superpotential 

      Yukawa couplings 

      2  analysis 

      Charged fermion masses & mixing 

       Neutrino  masses  &  mixing 
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 Superpotential  for charged fermion  

              Yukawa couplings                      
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Effective  

higher 

dimension   

operators 
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SO(10) x [ D3 x U(1)  family sym. ] 

Yukawa  Unification  for  3rd  Family 

Dermisek & Raby    
PLB 622:327 (2005). 

7 real para’s  

+   4 phases 

 +  3  real Majorana 

Neutrino masses 
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Extend to neutrino sector 

Assume  3  new  real para’s 
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           Using   2  analysis,  fit 

 

    15 charged  fermion  &  5 neutrino  

    low energy observables  with 

 

    11  arbitrary Yukawa  &  3 Majorana mass    

parameters 

                       4  &  2   d. o. f. or 6 predictions 
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compared to SM -  27  parameters 

            CMSSM -  32  parameters  

24  parameters  at  GUT scale 

Global  2    analysis  
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Albrecht  et al. 
         JHEP 0710:055 (2007) 

7 7Required  SMC C 
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Yukawa unification  :  MSSM  at   Large  tan b  

Work  in progress with 

       Archana  Anandakrishnan 

       Christopher  Plumberg 

Using   

3 family GUT code and support from  

Radovan Dermisek + Aditi Raval, 

Higgs code of Pietro Slavich & 

MicrOMEGAs ( B -> s  ,  Bs ->   ) 
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Preliminary 

m16 = 10 TeV 

 

Anandakrishnan, 

Plumberg, 

Raby 
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Preliminary 

m16 = 15 TeV 

 

Anandakrishnan, 

Plumberg, 

Raby 
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Preliminary 

m16 = 20 TeV 

 

Anandakrishnan, 

Plumberg, 

Raby 
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Yukawa unification   &   Large  tan b  

    Good     
Gauge coupling unif. 

125 GeV &  SM-likehm 
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• Is  there an  

 upper bound  on m16 ?? 

• Chi2  contours 

for  gluino mass ? 

To do list - 

• Other   

 UV  BCs ?? 
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Other  boundary conditions at MGUT 

  DR3 

  Non-universal  gaugino masses 

      a.    Gauge kinetic function 

      b.    “Mirage mediation”       
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Non-univ.  Gauginos  -  Gaugino  kinetic function 
Badziak,  Olechowski &  Pokorski   

                                     arXiv:0907.4709 [hep-ph] 
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Totally different spectrum 
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Extra  slide 
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