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WHAT ARE THE DOUBLET COUPLINGS?
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Ȳ1 Ȳ2 Ȳ3 W� �W
0

p
2
+ 3Bp

30

1

CCCCCCCCCCCA

24i
V j

24i
Hj

h24Hi = v24diag (�1,�1,�1,+3/2,+3/2) + v0diag (0, 0, 0,+1,�1)

LY = 10↵ij
F

Y ↵�

d
5
�

Fi
5⇤
Hj

+ 10↵ij
F

10�kl
F

5m
H
Y ↵�

u
✏ijklm + h.c.

2

SU(5) SU(3)⇥ SU(2)⇥ U(1)

Q↵

�
3, 2, 1

6

�

10↵F uC

↵

�
3, 1,� 2

3

�

eC↵ (1, 1, 1)

SU(5) SU(3)⇥ SU(2)⇥ U(1)

L↵

�
1, 2,� 1

2

�
5
↵

F

dC↵
�
3, 1, 1

3

�

uT

k,↵
C�1e�T

⇤
k
:

⇢
UT


� Ydp

2

�
E

�

↵�

✏ijku
C,T

i,↵
C�1dC

j,�
T ⇤
k
:

⇢
U†
c


Ydp
2

�
D⇤

c

�

↵�

dT
k,↵

C�1⌫�T
⇤
k
:

⇢
DT


Ydp
2

�
N

�

↵�

✏ijku
T

i,↵
C�1dj,�Tk :

⇢
UT


� 2

�
Yu + Y T

u

� �
D

�

↵�

uC,T

k,↵
C�1eC

�
Tk :

⇢
U†
c


2
�
Yu + Y T

u

� �
E⇤

c

�

↵�

2

SU(5) SU(3)⇥ SU(2)⇥ U(1)

Q↵

�
3, 2, 1

6

�

10↵F uC

↵

�
3, 1,� 2

3

�

eC↵ (1, 1, 1)

SU(5) SU(3)⇥ SU(2)⇥ U(1)

L↵

�
1, 2,� 1

2

�
5
↵

F

dC↵
�
3, 1, 1

3

�

uT

k,↵
C�1e�T

⇤
k
:

⇢
UT


� Ydp

2

�
E

�

↵�

✏ijku
C,T

i,↵
C�1dC

j,�
T ⇤
k
:

⇢
U†
c


Ydp
2

�
D⇤

c

�

↵�

dT
k,↵

C�1⌫�T
⇤
k
:

⇢
DT


Ydp
2

�
N

�

↵�

✏ijku
T

i,↵
C�1dj,�Tk :

⇢
UT


� 2

�
Yu + Y T

u

� �
D

�

↵�

uC,T

k,↵
C�1eC

�
Tk :

⇢
U†
c


2
�
Yu + Y T

u

� �
E⇤

c

�

↵�

2

SU(5) SU(3)⇥ SU(2)⇥ U(1)

Q↵

�
3, 2, 1

6

�

10↵F uC

↵

�
3, 1,� 2

3

�

eC↵ (1, 1, 1)

SU(5) SU(3)⇥ SU(2)⇥ U(1)

L↵

�
1, 2,� 1

2

�
5
↵

F

dC↵
�
3, 1, 1

3

�

uT

k,↵
C�1e�T

⇤
k
:

⇢
UT


� Ydp

2

�
E

�

↵�

✏ijku
C,T

i,↵
C�1dC

j,�
T ⇤
k
:

⇢
U†
c


Ydp
2

�
D⇤

c

�

↵�

dT
k,↵

C�1⌫�T
⇤
k
:

⇢
DT


Ydp
2

�
N

�

↵�

✏ijku
T

i,↵
C�1dj,�Tk :

⇢
UT


� 2

�
Yu + Y T

u

� �
D

�

↵�

uC,T

k,↵
C�1eC

�
Tk :

⇢
U†
c


2
�
Yu + Y T

u

� �
E⇤

c

�

↵�

2

SU(5) SU(3)⇥ SU(2)⇥ U(1)

Q↵

�
3, 2, 1

6

�

10↵F uC

↵

�
3, 1,� 2

3

�

eC↵ (1, 1, 1)

SU(5) SU(3)⇥ SU(2)⇥ U(1)

L↵

�
1, 2,� 1

2

�
5
↵

F

dC↵
�
3, 1, 1

3

�

uT

k,↵
C�1e�T

⇤
k
:

⇢
UT


� Ydp

2

�
E

�

↵�

✏ijku
C,T

i,↵
C�1dC

j,�
T ⇤
k
:

⇢
U†
c


Ydp
2

�
D⇤

c

�

↵�

dT
k,↵

C�1⌫�T
⇤
k
:

⇢
DT


Ydp
2

�
N

�

↵�

✏ijku
T

i,↵
C�1dj,�Tk :

⇢
UT


� 2

�
Yu + Y T

u

� �
D

�

↵�

uC,T

k,↵
C�1eC

�
Tk :

⇢
U†
c


2
�
Yu + Y T

u

� �
E⇤

c

�

↵�

ME = v5

⇢
1

2
Yd

�

MD = v5

⇢
1

2
Y T

d

�

MU = v5

⇢p
2
�
Yu + Y T

u

��

ET

c
MEE = Mdiag

E
(1)

DT

c
MDD = Mdiag

D
(2)

UT

c
MUU = Mdiag

U
(3)

NTMNN = Mdiag
N

(4)

ME = v5

⇢
1

2
Yd +

3

4
Y1✏�

3

4
Y2✏

�

MD = v5

⇢
1

2
Y T

d
+

3

4
Y T

1 ✏+
1

2
Y T

2 ✏

�

MU = v5

⇢p
2
�
Yu + Y T

u

�
+

3p
2

�
Y3 + Y T

3

�
✏+

✓
1

2
p
2
Y4 �

p
2Y T

4

◆
✏

�



WHAT ARE THE TRIPLET COUPLINGS?
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PROTON DECAY VIA TRIPLET MEDIATION

T (scalar leptoquark) induced two-body proton decay:

Y Y

Y - GENERIC YUKAWA COUPLINGS

parameter of the �Q-�Q0
-�Q00

vertex in Fig. 1.1, whereas � stands for a dimensionless
quartic coupling of the �Q-�Q0

-�Q00
-hHi vertex.
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Figure 1.1: Two di↵erent proton decay topologies generated by the triple-leptoquark
interactions. Both can be with or without a Higgs vacuum expectation value leg insertion.
q’s and `’s denote generic quarks and leptons of the SM while �Q, �Q0

, and �Q00
are

scalar leptoquark mass eigenstates with electric charges Q, Q0, and Q
00, respectively.

Both topologies of Fig. 1.1 have two di↵erent realisations. One is with and the other
without the contraction with the Higgs boson doublet, where the diagrams that corre-
spond to the former scenario include a vacuum expectation value leg insertion that is
rendered in grey in both panels of Fig. 1.1.

Even though there are already several phenomenological studies [16–21] of the tree-
level proton decay topology that is depicted in the left panel of Fig. 1.1 there is not a
single one, to the best of our knowledge, that looks at the one-loop level baryon number
violating topology shown in the right panel. We intend to remedy that and, in the
process, demonstrate that the one-loop level topology is much more relevant than the
tree-level one regardless of the type of the SM charged fermion that propagates in the
loop if and when these two topologies coexist. Our analysis is thus applicable whenever
` = `

0 in Fig. 1.1. We also provide a comprehensive list of the leading-order proton
decay channels for all non-trivial cubic and quartic contractions involving three scalar
leptoquark multiplets that generate triple-leptoquark interactions of interest, where in
the latter case one of the scalar multiplets is the Higgs boson doublet of the SM.

Scalar leptoquark multiplets relevant for our study and the associated couplings are
specified in Table 1.1, where we also explicitly denote transformation properties of these
multiplets under the SM gauge group SU(3)⇥ SU(2)⇥ U(1). The notation that we use
in Table 1.1 is self-explanatory and closely follows the notation of a contemporary review
of the leptoquark phenomenology [22]. We suppress both the SU(3) and SU(2) indices
in Table 1.1 for compactness and opt to show the flavor indices i, j(= 1, 2, 3) instead. We
furthermore use ~⌧ = (⌧1, ⌧2, ⌧3) to denote Pauli matrices and introduce ~S3 = (S1

3 , S
2
3 , S

3
3)

for the SU(2) components of the S3 leptoquark multiplet. Throughout this work we
consider the scenarios where scalar leptoquark multiplets couple solely to the quark-
lepton pairs. If the leptoquark multiplets could couple directly to the quark-quark pairs
we assume such interactions to be either suppressed or altogether absent.

The paper is organised as follows. In Sec. 2 we study all possible cubic and quartic
scalar interactions if one adds to the SM particle content up to three di↵erent scalar
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SUMMARY – THE TRIPLET COUPLINGS



CONCLUSIONS

The proposed approach accommodates a light color
triplet, of the doublet-triplet splitting problem
notoriety, that can still couple to either quark-quark
or quark-lepton pairs.

The proposed mechanism can work in various
unification frameworks such as SU(5), SO(10), or
flipped SU(5) and it is compatible with both
supersymmetric and non-supersymmetric scenarios.
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