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SO(10) Yukawa unification : 

 gluinos at the LHC 
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Minimal  SUSY  spectrum 
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Predictability 

 SM - Quark  & lepton masses 

Eg.        

      

        Suggests   -  Family symmetries to 

                           reduce  no. arbitrary paras. 

Eg.   SU(2) x U(1)    3rd  family & Higgs special 

 MSSM - R parity conservation  
                         reduce no.  arbitrary couplings 

,m    Two  3 x 3  complex matrices  10 obs.

                       36  arbitrary paras.

u dm 
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Too many  arbitrary parameters ! 

FCNCs !! 

Predictability  &  SUSY 
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SO(10)  Grand Unification 
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SUSY GUT +  family symmetry 
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Yukawa  Unification  &  Soft SUSY breaking 



t b         

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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Needed to fit data 
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M A   



11 

Anandakrishnan,  Raby  &  Wingerter 

                       arXiv:1212.0542 

                              PR D87  (2013) 055005 

Anandakrishnan, Bryant,  Raby  &  Wingerter 

                               arXiv:1307.7723 

                              PR D88  (2013)  075002 

Global  2 analysis  



Free  parameters  -  

w/ Universal  gaugino  masses 
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Roughly  ½  comes  

From RG running from 

G
M m




 Radiative  EWSB  requires 

Blazek, Dermisek & Raby   

             “Just so”  =  “NUHM”   
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Low  energy  observables 
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tan 50 

Yukawa  Unification 

Fit t,b,tau requires 

Universal  Gaugino  Masses  



                         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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Heavy  scalars  
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Need Heavy scalars ! 
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16 4 5  TeV      

light squarks and sleptons !!

m 
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* SM

7 7BR(B K   )     favors    C   LHCb C    
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Albrecht, Altmannshofer, Buras, Guadagnoli, &  Straub 

                                         JHEP 0710:055  (2007)  

tension between  b  s  &  b  s l+ l- 

16 8 TeVm 
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 Light  Higgs    

SM-like 



                  Light  Higgs  mass 
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Large  A & 125 GeV    Easy
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                  Br(  Bs  ->      ) : 

          Light  Higgs  SM-like  

SM :  3 x 10-9        MSSM :  ~ tan 6 /mA
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      SM-likeA H H
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1 TeVAm 
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Gluino mass   2 TeV 



Gluino mass bound 

 

 



Gluino mass bound 

 

 

m16 = 20 TeV,  M1/2  varied  ->  2 d.o.f. 



Title of talk 28 

d u

1 16

3

1/2 16

H H 0 16 16

:  25.9,  2.9 10 ,  0.01

, tan , M m :  0.6 ,  49.7 ,  150 GeV, 20TeV

m  m A :  1.9 m ,  1.6 m ,  41 TeV

Benchmark point

, , GeV

,

, ,

G GM

 


 



0

4 3

g               801                                                         

264 877

          129 (bino)     264     876       873       

U           2 10           4.7 10       3775        

D        







 

4 3

4 4 3

4 4

2 10            4.6 10       4962     

      2 10       1.2 10       7.8 10     

           2 10       1.2 10      

E

N

 

  

 



Title of talk 29 

LHC - Gluino decay modes 

                      using SDecay 
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hadronic analysis
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1300 GeV
g

m  1175 GeV
g

m 

hadronic analysis

Validation 
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3SR

CMS - same sign di-leptons  
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Simplified 

model  bound 

CMS - same sign di-leptons 
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Validation  SR3 
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No. jets   4

No. btags  2

lepton charges  ++/--
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Simplified model bounds  vs.  

Benchmark models 

 Purely hadronic bounds  10 – 20% 

      less significant        fewer  b-jets 

 
 SS di-lepton bounds most significant 

1000 GeV
g

m 
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Dark Matter ? 

 

LSP    bino  -  over-closes the universe 

Axion, axino  DM  ??? 

Or  non-thermal  DM ! 

Anandakrishnan & Sinha   

                                 arXiv:1310.7579 

Non- universal gaugino masses - “mirage mediation” 

Thermal DM ! 

          Well tempered    / /B H W
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Three  family model   

gives  good  fits  

to low  energy data 



      

Dermisek & Raby                PLB 622:327 (2005). 

 

Dermisek, Harada & Raby     PRD74,  035011 (2006) 

 

Albrecht, Altmannshofer, Buras, Guadagnoli & Straub 

                                            JHEP 0710:055  (2007) 

 

 Anandakrishnan,  Raby & Wingerter 

                                             arXiv:1212.0542  

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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  Familon  VEVs   assumed 
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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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2/dof= 2 
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Gluino mass bound – 3 fam. 



Gluino mass bound -  3rd fam. only 
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Conclusions                          

     SO(10)  Yukawa unification  

     Boundary  conditions  at  MGUT 

                  Universal  gaugino masses 

      Light  Higgs   -   SM-like 

      simplified  models   NOT  

                   ( in general )  applicable 

               gluino  w/ multi-leptons  

                    LSP  -  bino 
1 TeV

g
m 2 TeV  


