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LET’S START

Figure 1.



STANDARD MODEL



PROBLEMS WITH THE STANDARD 
MODEL

These three 

gauge couplings 

do not at 

any energy 

scale within the 

Standard Model 

framework.



SU(5) 
• SU(5) Georgi-Glashow model [9]



SU(5) 
• SU(5) Georgi-Glashow model [9]



SU(5) 

PROBLEMS with Georgi-Glashow model:

• massless neutrinos

• degeneracy in mass for down-type quarks and 
charged leptons



PROTON DECAY
• Andrei Sakharov – idea of proton decay

• baryon asymmetry problem

• time for GUT – reviving idea of proton decay

• SU(5) as one of GUT theories

• proton lifetime

• The Georgi-Glashow model - minimal SU (5) 

• it has fewest number of adjustable parameters

• the mass MX,Y corresponds to the energy scale at which three out of four 
fundamental forces in nature come together and become indistinguishable. 

• SU (5) should be able to predict scale associated with proton decay



PROTON DECAY

• baryon number violated – proton decay happens

• operators of dimension 6 and greater

• lower do not violate baryon number

• 2 mediators of proton decay: gauge bosons & scalar leptoquark

• conservation of B-L number



PROTON DECAY

Figure 5.1: 

Proton decay via the gauge boson mediation
Figure 5.2: 

Proton decay via the scalar leptoquark mediation



PROTON DECAY
IDEA: 

finding the 

dominant 

channels in both 

proton decay 

through gauge 

bosons and 

through scalar 

leptoquark

within well 

defined GUT 

model



• Only one scalar leptoquark mediates proton 

decay – S1

PROTON DECAY VIA SCALAR 
LEPTOQUARK



PROTON 
DECAY 𝝅𝟎,+

𝝅𝟎,+

𝒑

𝒑
Figure 3.



EXPERIMENTS
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EXPERIMENTS



SPECIFIC SU(5) 

• extension of the original 

Georgi-Glashow (GG) model

• Scalar sector: 5, 24 & 35

• 5𝐻 ≡ Λ = Λ1 1, 2,
1

2
+ Λ3(3, 1, −

1

3
)

• 24𝐻 ≡ 𝜙

• 35𝐻 ≡ Φ

• VEV: 24𝐻 ≡ 𝜙 =
𝑣24

15
𝑑𝑖𝑎𝑔(−1,−1,−1,

3

2
,
3

2
)

• 5𝐻 = 𝑣𝐻 = 174 𝐺𝑒𝑉



SPECIFIC SU(5) 



SPECIFIC SU(5) 

SYMMETRY BREAKING



SPECIFIC SU(5) 



SPECIFIC SU(5) MODEL [16]

• Fermion sector: 
ത5𝑖 & 10𝑖 , 𝑖 =
1, 2, 3

• Additional fermions: 
15𝐹 & 15𝐹

• 15𝐹 ≡ Σ =
Σ1 1, 3, 1 +

Σ3 3, 2,
1

6
+

Σ6 6, 1, −
2

3

• Reason: SM 
multiplets in 24H
and 5H cannot 
produce viable 
unification on their 
own



SPECIFIC SU(5) MODEL [16]

 TWO NEUTRINOS 

BECOME 

MASSIVE



SPECIFIC SU(5) MODEL [16]

S1:

V2:

 PROTON 

DECAY 

SIGNATURES 

CAN BE 

PREDICTED.



CORRELATION

𝝅𝟎,+

𝝅𝟎,+

𝒑

𝒑



CORRELATION
• neutrino mass scale depends only on masses of two fields Σ1 and Φ1

• parameter space spanned in this plane   
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CORRELATION



- GAUGE COUPLING UNIFICATION



CORRELATION

The contours for MGUT are given in units of 1015 GeV and 

are shown as the vertical solid lines while the contours for 

αGUT are given as dot-dashed lines that run horizontally. 

The parameter space that corresponds to MGUT ≤ 6 × 1015

GeV is discarded in this numerical study in all three 

instances due to the fact that such a low MGUT is a priori 

not realistic with regard to the experimental input on the

proton decay lifetimes.

Green solid contours are used to mark the naive bound 

on the correct neutrino mass scale. 

= 1, 10, 100



CORRELATION

Proton decay channels via gauge

boson mediation within M ≥ 1 TeV

scenario, where thin black horizontal

lines represent current experimental

limits, blue vertical bars stand for

expected ranges within the model

under consideration, and horizontal

grey dashed lines represent future

experimental sensitivities after ten-

year period of data taking at 90 %

C.L



CORRELATION



CORRELATION

due to the fact that 

various contributions 

towards their decay

widths are of 

approximately same 

magnitudes that 

even the smallest 

change in a single 

phase induces a

large effect

largest dependence on η1

to be 

observed

to be 

observed

dependence 

not just on 

unitary 

transformations 

but on Yukawa 

coupling matrix 

entries as well



CORRELATION



CORRELATION

Correlation of proton decay signatures via gauge boson and scalar leptoquark mediation within M ≥ 1 TeV, 
M ≥ 10 TeV, and M ≥ 100 TeV scenarios. Thin black lines represent current experimental limits, blue vertical bars 
are predictions for gauge boson mediation signatures, red vertical bars are corresponding predictions for 
scalar leptoquark mediations and grey dashed lines represent future experimental sensitivities after ten-year 
period of data taking at 90 % C.L.



CORRELATION

Gauge boson mediation uncertainties: ratio varies from point to point, unitary transformations and 2 unknown 
phases.
Scalar leptoquark mediation uncertainties: fermion mass fit varies from point to point, 2 unknown phases, 
decay widths are proportional to the products of Yukawa couplings.



There are only two possible types of mediators of proton decay within the model in question.

The anticipated experimental signal of these decay processes can, hence, originate solely from

gauge boson mediation, or entirely from scalar leptoquark mediation, or from combination of

the two. Our analysis stipulates that we can conclude with certainty that if in experiments

proton is observed to decay to:

CONCLUSIONS

the decay is mediated via gauge boson

the decay is mediated via scalar leptoquark

combination of the two



CONCLUSIONS

• The fact that the proton decay signatures from two different sources of
new physics can be predicted at this level of accuracy has not been
observed in other models of SU (5) unification.

• There does not exist a single correlation study of proton decay signatures
via two different sources of new physics in the literature.
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