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Gauge Unification

Lower SUSY breaking   

closer GUT and B-L breaking scale

⟹
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Proton Decay

• Pion channel :  

 

 

fully determined by gauge 
unification

p → π0 + e+

ϵαβ

Λ2 [(uc
RγμQα)(dc

RγμLβ) + . . . ]
τ ∝

M2
GUT

g2
GUT

• Kaon channel :  

 

 

Wino-mediated processes depend on 
the Higgs mixing parameter which 
cannot be fully fixed by data

p → K+ + ν̄
ϵabc

MT
(CL

αβγδQ
a
αQb

βQc
γ Ll + . . . )

τ ∝ M2
GUTM2

SUSY ×
M2

SUSY

m2
W̃
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 monopoles & 
antimonopoles can nucleate on string & 

annihilate  metastable string

m2
mono ∼ μ ⟹

⟹

 

0
1

Vilenkin [1982], 
Leblond, Shlaer, Siemens [2009], 
Monin & Voloshin [2009], 
Buchmuller, Domcke, Schmitz 
[2021] 

Monopole 
Formation at  MGUT

Cosmic String 
Formation at MB−L

μ ≃
1

αGUT
M2

B−L , m =
MGUT

αGUT
⇒ κ ≃ α−1/2

GUT
MGUT

MB−L

Metastable Cosmic String

Γd =
μ
2π

e−πκ , κ =
m2

μ

https://www.sciencedirect.com/science/article/pii/0550321382900372/pdf
https://arxiv.org/pdf/0903.4686.pdf
https://arxiv.org/abs/0808.1693
https://arxiv.org/pdf/2107.04578.pdf
https://arxiv.org/pdf/2107.04578.pdf


Gravitational Wave

• BP1: Stable string allowed by 
NG15 

• BP2: Stable string ruled out by 
NG15 

• BP3: Metastable string 
explaining NG15
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Pulsar Timing Array results
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A γ

hc( f ) = A ( f
fyr )

γ

Ω( f ) = Ωyr ( f
fyr )

5−γ
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The NANOGrav 15 yr Data Set: 
Search for Signals from New Physics

https://arxiv.org/abs/2306.16219
https://arxiv.org/abs/2306.16219


Constraints, Sensitivities and Signals
Current bound on pion 
channel proton decay

Future sensitivity on 
pion channel proton 

decay



Constraints, Sensitivities and Signals
Left: can only predicts kaon channel 
proton decay that is excluded by SK 
Right: can predict kaon channel 

proton decay that is not excluded by 
SK yet

Left: can predict kaon 
channel proton decay 

that can be measured by 
JUNO 

Right: cannot predict 
kaon channel proton 

decay that can be 
measured by JUNO
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Summary

• Successful prediction of fermion masses and mixing angles, leptogenesis 

• Natural proximity of the intermediate scale and the GUT scale, leading to 
metastable cosmic strings 

• Proton decay measurements and PTA observations cover complementary regions of 
the parameter space in the split-SUSY scenario  

• An eventual observation of proton decay from both the pion and kaon channels is 
not consistent with the current PTA observations



Thank you!


