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1. Introduction
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Minimal SUSY SU(5)
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SU(5) → SU(3) × SU(2) × U(1)

Σ = 24

10 → (3̄,1)−2/3 + (3,2)+1/6 + (1,1)+1

5̄ → (3̄,1)+1/3 + (1,2)−1/2
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Minimal SUSY SU(5)
★ Unification of quarks and leptons 
★ Coupling unification 

★  

★ Charge quantization 
★ Anomaly cancelation 
★ Proton decay

g1(MGUT) = g2(MGUT) = g3(MGUT)
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[S. P. Martin, A Supersymmetry primer. (1997)]
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Proton decay

★ Dimension-5 proton decay 

★  (mediated by triplet Higgs) 

★ Dimension-6 proton decay 

★  (mediated by SU(5) gauge 
boson) 

★ Without tuning, minimal SUSY SU(5) 
with  CMSSM is mostly 
ruled out.

p → K+ν̄

p → π0e+

𝒪(10 TeV)
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λ = λ′￼= 1 , tan β = 4 , A0/m0 = 0 .
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2. SUSY SU(5) with Planck-
suppressed operators
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The model
★ Superpotential of Higgs sector 

★ Kahler potential 

★ Superpotential of Yukawa sector 
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The model
★ The soft SUSY-breaking terms 

★ Symmetry breaking: SU(5) —> SU(3)xSU(2)xU(1) 

★  ⟨Σ⟩ = (V + FΣθ2) diag(2,2,2, − 3, − 3) .
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κ = 7κ1 + 30κ2 , R =
v0

MP
,
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Mass spectrum
★ Masses for the adjoint components 

★  

★  

★  

★ Masses of gauge bosons and color triplet Higgs 

★  

★
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Matching conditions
★ The gauge coupling matching conditions 

★
 

★
 

★  

★  is determined by gauge coupling 

★ To determine  with 
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Yukawa sector
★ MSSM Yukawa term 

★ Yukawa coupling matching 

★ Lepton and down-type quark Yukawa splitting  2 (fdij
− feij) = 5cij

Δh,2R .
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3. Proton decay
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Color Higgs Yukawa
★ Fields  

★ Color Higgs Yukawa expressed in terms of MSSM Yukawa  
★ Up-type Yukawa 

★  

★  

★ Lepton and down type Yukawa 

★
 

★

Ψ ∋ {Qi, e−iφiŪi, VijĒj} , Φ ∋ {D̄i, Li} ,

fQQ,i = fu,i + 7(cΔh,4)iR − (cΔh,3)iR ,

fUE,i = fu,i + 5(cΔh,4)iR −
5
4
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2
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5

2
(cΔh,1)iR .
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 and  are related. fQL,i fUD,i

If we allow  to be large,  

both  and  are free parameters

(cΔh,3)i , (cΔh,4)i

fQQ,i fUE,i



Shihwen Hor (TDLI) Planck-scale effects in SUSY SU(5)

Proton decay
★ Dimension-5 proton decay     

★  

★  

★ At the SUSY-breaking scale: wino-exchange process & higgsino-exchange process 

★ Wilson coefficients 

★  

★
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Wino-exchange process usually gives the dominant contribution

Suppression of fQL

 and  are big (top Yukawa)( fUE)3 ( fQQ)3

Full proton decay computation for every branches:  
[N. Nagata. PhD thesis, Tokyo U., 2013.  
http://doi.org/10.15083/00006623. ]
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4. Results
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Proton decay and SU(5) breaking

★ Limit (i):  

★  

★  

★ Limit (ii):  

★  
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Yukawa sector in CMSSM

★ Wino exchange process 

★  

★
 

★ Higgsino exchange process 

★  

★
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Decay mode: p → K+ν̄
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Yukawa sector in CMSSM
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Cjj1k
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Yukawa sector in CMSSM
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λ = λ′￼= 1 , tan β = 4 , A0/m0 = 0 . λ = λ′￼= 1 , tan β = 5 , A0/m0 = 3 .
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NUHM
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Point 1b

Point 1a

fQL,i = (rql)i fe,i
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5. Summary
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Summary
★ SUSY SU(5) GUT with dimension-5 Planck-suppressed operators —> mass 

spectrum and proton decays 
★ Higgs sector 

★ Mass splitting of  and  

★ Yukawa sector 

★ Color Higgs Yukawa deviation form the MSSM Yukawa , , 

,   

★ CMSSM & NUHM 
★ Hyper-Kamiokande, JUNO, and DUNE

MΣ3
MΣ8

(cΔh,1)i (cΔh,2)i

(cΔh,3)i (cΔh,4)i
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Backup slides
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Proton decay 
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Benchmark point parameters
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CMSSM
★ The phases  —> the cancellation among higgsino exchange and wino 

exchange processes
φi

27



Shihwen Hor (TDLI) Planck-scale effects in SUSY SU(5) 28



Shihwen Hor (TDLI) Planck-scale effects in SUSY SU(5) 29


