






Grand Unification and Proton Decay

Slide Courtesy of Ed Kearns



Fundamentals of Flipped SU(5)



Flipped SU(5) Field Content



Flipped SU(5) Model Building Characteristics



Consistency with Low Energy Phenomenology

Standard SU(5) unification predicts a value for the strong coupling at the Z-Boson mass which is much too large. 
Attempts to fix this with heavy thresholds only speed dimension 5 proton decay.  We can lower αs by Flipping SU(5).



Renormalization Group Equations With Thresholds

Threshold and Second Loop Corrections are absorbed into an Effective Sine-Squared Weinberg 
angle Plus a corresponding shift term for the Hypercharge and Strong Coupling. 



The Second Loop

A fresh numerical evaluation of the Second Loop has been performed for each scenario under 
consideration, including each distinct selection of Tan(β) and the MSSM mass spectrum.



The Standard SU(5) Limit

The “max” limit corresponds to a strict triple unification of the SM couplings.  It is essential to recognize that the “max” 
effective Weinberg angle is a dependent variable.  Failure to match the expected value signals a failure of unification itself. 



Flipped SU(5) Solutions

It is critically important to select a properly orthogonalized set of dependent functions.  For Flipped SU(5) it is convenient 
to choose the SU(5) and U(1)X couplings, and either the unification scale M32 OR the effective Weinberg angle.















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.



Super Unification with Vector Multiplets

Continuing the two-loop renormalization group running beyond the 3-2 partial unification 
results in a super unification located near the reduced Planck scale.







Proton Decay Experiment Vs. Theory
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Detection Prospects for the e+π0 Mode

Slide Courtesy of Ed Kearns



Detection Prospects for the K+ν Mode
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Proton Lifetime Within the M1/2-M0 Plane

Proton Lifetime in the Flipped SU(5) e+π0 channel is depicted against the background of 
phenomenological constraints on the MSSM.  Background figure courtesy of Keith Olive.



The M1/2-M0 Plane with Vector Multiplets

Proton Lifetime in the Flipped SU(5) e+π0 channel, including TeV vector multiplets, is depicted 
against phenomenological constraints on the MSSM.  Background figure courtesy of Keith Olive.



Variation of Vector Multiplet Scale

Proton lifetime (solid blue) is measured in 1035 [Y] on the left numeric scale.  The dimensionless SU(5) coupling (dash red) 
is also measured on the left-hand scale.  The unification mass (dot green) is measured in 1016 [GeV] on the right-hand scale.



Variation of Tan(β)

Proton lifetime (solid blue) is measured in 1035 [Y] on the left numeric scale.  The dimensionless SU(5) coupling (dash red) 
is also measured on the left-hand scale.  The unification mass (dot green) is measured in 1016 [GeV] on the right-hand scale.



Heavy Thresholds

Light thresholds are treated additively, heavy thresholds subtractively.  The heavy thresholds are compared to the 
upper mass scale rather than the lower.  Heavy fields are not included in the main β-function coefficients.



Error Analysis and Uncertainty From Heavy Thresholds

Central values for proton lifetime at the MSSM Benchmarks lie on the white boundary.  The dark red / blue bands show 
uncertainty of low energy measurements.  The large light blue error bars depict plausible variation of the heavy thresholds.



Heavy Thresholds with Vector Multiplets

Central values for proton lifetime at the MSSM Benchmark Points lie on the white boundary.  The dark red / blue bands 
show uncertainty of low energy measurements.  The large light blue bars depict plausible variation of the heavy thresholds.



Reasons for the Decline in Proton Life Expectancy

Comparisons are relative to the 2002 report on Flipped SU(5). [Ellis, Nanopoulos, Walker]







The 2009 central predictions for proton decay narrowly evades current detection bounds from Super-Kamiokande.  Even 
with the possibility of  substantial heavy thresholds, the majority of the predicted range is testable in the next generation.





A Convergence of Large Experiments

Proton decay, hastened by the inclusion of TeV scale Vector Multiplets, represents an imminently 
testable convergence of the most exciting particle physics experiments of the next decade.
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