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1) The Flipped SU(5) GUT 

2) Extra TeV scale Vectorlike Multiplets 
  with F-theory origin 

3) No-Scale Supergravity 
  Boundary Conditions 



The Flipped SU(5) GUT 



The Standard and Flipped SU(5) Particle Representations  

Upper: Each generation of the Standard Model fits perfectly into a fundamental 5-bar and an antisymmetric 10 of SU(5). The 
RH neutrino is “out”.  Lower: The RH up/down quarks, and the electron/neutrino can “flip” places relative to standard SU(5). 



Flipped Unification 

A heuristic graphical representation of Flipped SU(5) in purple Vs. Standard SU(5) in red.  Note that Flipped SU
(5) is not fully unified at M32.  It “waits” for Super Unification at M51, which may be closer to MPlanck . 



Motivations for Flipped SU(5) 



The Missing Partner Mechanism 

We achieve a Natural splitting between the double and triplet Higgs.  We avoid 
fine tuning and the overly rapid dimension 5 proton decay! 



A Lesson from History 

Nature repeats her favorite themes, in delicate reprise. 



Extra TeV scale Vectorlike Multiplets 
with F-theory origin 



Grand Unification and String Phenomenology 

These distinct points of view are natural symbiotic partners. 





TeV Scale Vector Multiplets 

Inclusion of TeV scale Vector Multiplets, as motivated by F-theory, creates a 
dramatic early adjustment to the running of the gauge couplings. 



Flipped Unification with & without Vector Multiplets 

Inclusion of TeV scale Vector Multiplets levels out the renormalization of the strong coupling, driving up the SU(5) 
coupling, and speeding proton decay.  The gap between the M32 scale couplings becomes extreme. 



Natural ~ Planck Scale GUT Unification 

Continuing the two-loop renormalization beyond the 3,2 partial unification can result in a super unification near the reduced 
Planck scale.  The wide coupling separation at M32 which was produced by the F-theory fields allows sufficient room to run. 



No-Scale Supergravity 
Boundary Conditions 



Motivations for Supersymmetry 

Detection of Supersymmetric Particles is a key motivating goal of the Large Hadron Collider. 



Minimal Supergravity (mSUGRA) 
M0       Universal soft scalar mass 

M1/2    Universal soft gaugino mass 

µ          Higgsino bilinear mass parameter 

A       Trilinear soft SUSY breaking coupling 

Bµ       Higgs Bilinear soft SUSY breaking term 

tan β       Ratio of Higgs VEVs  

 |µ| and B can be determined by the requirement for REWSB, 
so we are left with only five parameters:   

M0, M1/2, A, tan β, and sgn(µ) 



 Connection to String Theory in IR limit 
 Natural incorporation of general coordinate 

invariance (Gravity) 
  Suppression of CP violation and FCNCs 
 Mechanism for SUSY breaking with cosmological 

constant vanishing at tree level (Flatness) 
 Dynamic determination of gravitino & gaugino 

masses and SUSY breaking scale at loop level 
 Dramatic Reduction in Parameter Freedom 
   M0 = Bµ = A = 0 



  Simplest and most generic Universal Boundary 
Conditions possible – But fails to give consistent 
results applied at MGUT 

  The major problem is the non trivial 
consequences of setting Bµ=0 at the GUT scale.  
The theory is so highly constrained that it fights 
against attempts at fine tuning.  This tension is 
alleviated if the boundary conditions are instead 
applied closer to the Planck scale. (Ellis et. al) 



  The Flipped SU(5) GUT has a two stage 
unification.  The lower stage sets the proton 
decay scale, but the upper scale may be 
associated with the reduced Planck Mass and 
gravitational physics. 

  This association is possible only if the RGEs 
are modified, as occurs naturally with the F-
theory vectorlike multiplets. 

 With both these pieces in place, the No-Scale 
boundary conditions have extra baseline to 
run (and run in a modified way), realizing a 
perfect fit to phenomenology. 





 7-Year WMAP Cold Dark Matter Relic 
Density Measurement (Now Planck) 

 World average top quark mass 173.3±1.1GeV 
 No Scale B.C. matching on Bµ= 0 ± 1.0 GeV 
 Radiative EWSB 
 LEP limits on the light CP even Higgs mass and 

light SUSY content (Pre-LHC) 
 Compliance with all precision electroweak 

measurements   (Mz, αs, ΘW, αem, mb) 
          * The Weinberg angle floats mildly according to original program design. 



M1/2 [GeV] 
A two-dimensional wedge is cut out of the 4-D scanning hypervolume. 
Reducing αs will lower the blue lines, effectively raising mh.  



There is complementarity between reduction in the “flippon” sector and 
increase in the squark sector. 3,4 loops scale as geometric mean of stops α M1/2 





   The wedge terminates at M1/2 ≈ 1.5 TeV, 
where the stau-neutralino mass difference at 
1.8 GeV is equal to the tau mass 

 Heavy squarks are about 2.7 TeV 
 Gluino about 2 TeV 
 Light stop is about 1.6 TeV 
 LSP neutralino is about 350 GeV 
 Nominally, this is testable at the 14 TeV LHC 
 Note: Heavy MV is vector-like & may have 
  Dirac mass contributions 



F-SU(5) Multijet Events at LHC 
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CMSSM F-SU(5) 

   Just right  

for Multijets! 
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Real Love*   9j, pT>20, lepton 
* Description courtesy of Lubos Motl, “The Reference Frame” 



SUSY Multijet w/lepton Search  

at 7-8 TeV LHC 

•Numerous Multijet+lepton SUSY 

  search regions at 7-8 TeV by both 

  ATLAS & CMS with pT>20-30 GeV 

 

 

•Target gluino mediated light stops 

   and light stop pair-production 

 

 
•F-SU(5) 2σ range: M1/2680 GeV 
 
 

     F-SU(5) Best Fit SUSY Mass: 
               M1/2=675-829 GeV 

 



About ½ of the model wedge may be probed by XENON 1T, up to a wimp mass around 
200 GeV (M1/2 ≈ 900 GeV).  Most of this region is increasingly disfavored by the LHC. 





Rare-decay process constraints 

(bsγ): Combining experimental & theoretical errors in quadrature (2σ) 
                        2.86x10-4  Br(bsγ)  4.18x10-4 

                       F-SU(5)  M1/2  545 GeV 
 
(g-2)μ : Including new computation of 10th order QED terms (2σ); ~3σ from zero 
                        5.5x10-10   Δaμ  39.5x10-10 
                       F-SU(5)  M1/2  850 GeV 
 
(Bs

0μ+μ-): First evidence of events at LHCb; 3.5σ above SM expectations 
                        Br(Bs

0μ+μ-) = 3.2 +1.5 -1.2 x 10-9 at 95% CL 
                       F-SU(5)  M1/2  400 GeV 
 
Proton Decay: Super-Kamiokande e+0 mode; highly dependent on M32s 

                        p  1.4 x 1034 yrs 
                F-SU(5)  s = 0.1172,  M1/2  400 GeV 
                F-SU(5)  s = 0.1145,  M1/2  600 GeV 
 
            Rare-decay intersection of all M1/2  Golden Strip  [545, 850] GeV 

“Bottom Up” approach 



Rare process contributions are generically “small”. 
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