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summary 

<2> 



To explain 
& 125GeV Higgs 

simultaneously, 
Extending the MSSM with 

    vector-like quarks is 

          a very 
               attractive way. 

<3> 



Standard Model 
    “hierarchy problem” 

 

MSSM [Minimal Supersymmetric Standard Model] 

    fermion/boson unification 

    GUTs, dark matter(?) 

    nicely explain muon           anomaly 

    must be broken … too many SUSY parameters 

 

mSUGRA / GMSB frameworks 

<4> 

SUSY around TeV 

Physicists’ triumph 

Physicists’ dream  
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       Now this “dream” is threatened by 
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SUSY around TeV 

Physicists’ triumph 

Physicists’ dream  

muon           anomaly  

Hagiwara, Liao, Martin, Nomura, Teubner [1105.3149] 
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(still “tantalizing hints”) 

The ~125GeV Higgs boson 

[1202.1408] 

[1202.1488] 

      explanation in SUSY 
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(still “tantalizing hints”) 

The ~125GeV Higgs boson 

[1202.1408] 

[1202.1488] 

      explanation in SUSY 

Very difficult in MSSM+mSUGRA; 

Hopeless in MSSM+mGMSB. 
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125GeV in MSSM           in MSSM 

(1-loop level) 
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125GeV in MSSM           in MSSM 

(1-loop level) 

dilemma (GUT) 

[1112.6412] 

Hisano, Sugiyama[1011.0260] 

e.g. “Non-Universal Gaugino Model” or to split M0 for 1,2 / 3 gen. 



For 125GeV & g-2, we must… 

 tune the parameter in SUSY models 

 ignore                   anomaly. 

 “It is just from hadronical uncertainty, theorists’ fault!!” 

wish a lighter Higgs. 

extend the MSSM. 

NMSSM 

add  

add 

add a new gauge symmetry. 
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Today’s topic. [1112.5653] 

See: Endo, Hamaguchi, SI, 
       Nakayama, Yokozaki 
       [1112.6412] 

Martin [0910.2732] 
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2. The Extension We Propose 



Extension w. Vector-like Matters 
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IDEA  

Gauge anomaly... 

Add as vector-like! 

Add another top quark! 

MSSM: top (s)quark lifts up higgs. Okay, then… 

Okada, Moroi (1992); we digged up again in the context “higgs & g-2”. 



Extension w. Vector-like Matters 
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(GMSB framework) 

• No gauge anomaly. 
• Gauge couplings unification. 

Martin [0910.2732] 

Mixing between SM- & vector-like quark 
 Too large flavor problem? 
 No mixing stable colored particle. 

assumed very small. 

Okada, Moroi (1992); we digged up again in the context “higgs & g-2”. 



RESULT 
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with GMSB framework 

 mSUGRA framework 

in this talk 
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3. LHC Phenomenology 



SUSY search 
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Vector-like Quark Search 

 New “vector-like” quark 

Mass 

 

 

 

Production 

 

Decay 
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depending on mixing 
      btw. vec-like/SM quark. 



Vector-like Quark Search 

 New “vector-like” quark 

Current bound 
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Interesting channel after Higgs discovery. 
 [K. Harigaya’s talk] 



Vector-like Quark Search 

 New “vector-like” quark 

Current bound 
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Interesting channel after Higgs discovery. 
 [K. Harigaya’s talk] 

At LHC 8TeV, 

   production doubles! 

More severe bounds, 
   or….? 
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4. Conclusion 



Conclusion 
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utopian theorists 


