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2 ij d̄

i
RR̃

a
2✏

abLj,b
L

L � �ỹRL
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     ≡ Yukawa coupling matrix 

i, j (= 1, 2, 3) are flavor indices 

a, b (= 1, 2) are SU(2) indices  



U ≡ Pontecorvo-Maki-Nakagawa-Sakata unitary mixing matrix 

1

L � �ỹRL
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2 ij d̄

i
Re

j
LR̃

2/3
2 + (ỹRL
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Figure 5: One-loop diagram of neutrino mass generation. Scalar LQ fields that mix due to
the couplings with the SM Higgs boson H are bracketed. Flavor indices are omitted.

in Ref. [95] also addresses the nature of neutrino mass that is of Majorana type
through an inverse seesaw mechanism.

2.2. Low-energy scenarios of neutrino mass
LQs have been used to address the question of neutrino masses and associ-

ated mixing parameters within extensions of the SM that do not necessarily aim
or lead to unification [98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110].
Namely, it has been stipulated that the neutrino masses are of the one-loop or
two-loop origin, where some of the fields that participate in the loops are scalar
LQs. This approach is used to naturally explain or justify observed smallness
of neutrino masses.

Let us outline the main features of this approach. We require the presence
of ˜R2. More specifically, we need a term proportional to ỹRL

2
¯dR⌫L ˜R�1/3

2 , where
we omit flavor indices. Note that ˜R�1/3

2 couples neutrino to the right-chiral
down-type quark. The other necessary ingredient is the presence of either S1

or S3. Both of these LQs couple the leptonic doublet with the quark doublet
representation. They thus couple neutrino to the left-chiral down-type quark.
The required couplings are either yLL
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¯dCL⌫LS1 or yLL

3
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3 . At this point

it is sufficient to introduce mixing between ˜R2 and either S1 or S3 through the
Higgs boson H of the SM to generate neutrino mass(es) at the loop level. The
particles in the loop are leptoquarks and the down-type quarks. The schematic
depiction of this approach can be written as follows:
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The one-loop diagram of neutrino mass generation that corresponds to the mix-
ing between ˜R2 and S3 is given in Fig. 5. The loop is closed through a mass
insertion for the down-type quarks. To have a loop with the up-type quarks
one would need to start with R2/3

2 leptoquark. It is also possible to generate
neutrino masses through the loops that involve leptoquarks of vector nature.
This has been done in Ref. [110]. We discuss several explicit realizations of this
approach in what follows.
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Higgs boson H of the SM to generate neutrino mass(es) at the loop level. The
particles in the loop are leptoquarks and the down-type quarks. The schematic
depiction of this approach can be written as follows:
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The one-loop diagram of neutrino mass generation that corresponds to the mix-
ing between ˜R2 and S3 is given in Fig. 5. The loop is closed through a mass
insertion for the down-type quarks. To have a loop with the up-type quarks
one would need to start with R2/3

2 leptoquark. It is also possible to generate
neutrino masses through the loops that involve leptoquarks of vector nature.
This has been done in Ref. [110]. We discuss several explicit realizations of this
approach in what follows.
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Namely, it has been stipulated that the neutrino masses are of the one-loop or
two-loop origin, where some of the fields that participate in the loops are scalar
LQs. This approach is used to naturally explain or justify observed smallness
of neutrino masses.

Let us outline the main features of this approach. We require the presence
of ˜R2. More specifically, we need a term proportional to ỹRL
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down-type quark. The other necessary ingredient is the presence of either S1
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representation. They thus couple neutrino to the left-chiral down-type quark.
The required couplings are either yLL
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3 . At this point

it is sufficient to introduce mixing between ˜R2 and either S1 or S3 through the
Higgs boson H of the SM to generate neutrino mass(es) at the loop level. The
particles in the loop are leptoquarks and the down-type quarks. The schematic
depiction of this approach can be written as follows:

ỹRL
2

¯dR⌫L ˜R�1/3
2

% ˜R2HS1  ! yLL
1

¯dCL⌫LS1

& ˜R2HS3  ! yLL
3

¯dCL⌫LS
1/3
3

(23)

The one-loop diagram of neutrino mass generation that corresponds to the mix-
ing between ˜R2 and S3 is given in Fig. 5. The loop is closed through a mass
insertion for the down-type quarks. To have a loop with the up-type quarks
one would need to start with R2/3

2 leptoquark. It is also possible to generate
neutrino masses through the loops that involve leptoquarks of vector nature.
This has been done in Ref. [110]. We discuss several explicit realizations of this
approach in what follows.
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ỹRL
2

L � �ỹRL
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2 ij d̄

i
RR̃

a
2✏

abLj,b
L

L � �ỹRL
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ỹRL
2 , yLL

1 , yLL
3
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2 ij d̄

i
Re

j
LR̃

2/3
2 + (ỹRL
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2 ij d̄

i
Re

j
LR̃

2/3
2 + (ỹRL
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Figure 5: One-loop diagram of neutrino mass generation. Scalar LQ fields that mix due to
the couplings with the SM Higgs boson H are bracketed. Flavor indices are omitted.

in Ref. [95] also addresses the nature of neutrino mass that is of Majorana type
through an inverse seesaw mechanism.

2.2. Low-energy scenarios of neutrino mass
LQs have been used to address the question of neutrino masses and associ-

ated mixing parameters within extensions of the SM that do not necessarily aim
or lead to unification [98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110].
Namely, it has been stipulated that the neutrino masses are of the one-loop or
two-loop origin, where some of the fields that participate in the loops are scalar
LQs. This approach is used to naturally explain or justify observed smallness
of neutrino masses.

Let us outline the main features of this approach. We require the presence
of ˜R2. More specifically, we need a term proportional to ỹRL

2
¯dR⌫L ˜R�1/3

2 , where
we omit flavor indices. Note that ˜R�1/3

2 couples neutrino to the right-chiral
down-type quark. The other necessary ingredient is the presence of either S1

or S3. Both of these LQs couple the leptonic doublet with the quark doublet
representation. They thus couple neutrino to the left-chiral down-type quark.
The required couplings are either yLL

1
¯dCL⌫LS1 or yLL

3
¯dCL⌫LS

1/3
3 . At this point

it is sufficient to introduce mixing between ˜R2 and either S1 or S3 through the
Higgs boson H of the SM to generate neutrino mass(es) at the loop level. The
particles in the loop are leptoquarks and the down-type quarks. The schematic
depiction of this approach can be written as follows:

ỹRL
2

¯dR⌫L ˜R�1/3
2

% ˜R2HS1  ! yLL
1

¯dCL⌫LS1

& ˜R2HS3  ! yLL
3

¯dCL⌫LS
1/3
3

(23)

The one-loop diagram of neutrino mass generation that corresponds to the mix-
ing between ˜R2 and S3 is given in Fig. 5. The loop is closed through a mass
insertion for the down-type quarks. To have a loop with the up-type quarks
one would need to start with R2/3

2 leptoquark. It is also possible to generate
neutrino masses through the loops that involve leptoquarks of vector nature.
This has been done in Ref. [110]. We discuss several explicit realizations of this
approach in what follows.
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The one-loop diagram of neutrino mass generation that corresponds to the mix-
ing between ˜R2 and S3 is given in Fig. 5. The loop is closed through a mass
insertion for the down-type quarks. To have a loop with the up-type quarks
one would need to start with R2/3

2 leptoquark. It is also possible to generate
neutrino masses through the loops that involve leptoquarks of vector nature.
This has been done in Ref. [110]. We discuss several explicit realizations of this
approach in what follows.
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ỹRL
2

¯dR⌫L ˜R�1/3
2

% ˜R2HS1  ! yLL
1

¯dCL⌫LS1

& ˜R2HS3  ! yLL
3

¯dCL⌫LS
1/3
3

(23)

The one-loop diagram of neutrino mass generation that corresponds to the mix-
ing between ˜R2 and S3 is given in Fig. 5. The loop is closed through a mass
insertion for the down-type quarks. To have a loop with the up-type quarks
one would need to start with R2/3

2 leptoquark. It is also possible to generate
neutrino masses through the loops that involve leptoquarks of vector nature.
This has been done in Ref. [110]. We discuss several explicit realizations of this
approach in what follows.

24

1

(S1)

(R̃2)

(S3, S1)

S3, R̃2, S1, S̃1, S̄1

10i5j5 & 10i5j45

5i5j15

�51545

�

yij10i5j5

yij10i10j5

yij5i5j10

yij5i5j15

yij10i5j45

yij10i10j45

5

15

45

1

(S1)

(R̃2)

(S3, S1)

S3, R̃2, S1, S̃1, S̄1

10i5j5 & 10i5j45

5i5j15

�51545

�

yij10i5j5

yij10i10j5

yij5i5j10

yij5i5j15

yij10i5j45

yij10i10j45

5

15

45

1

(S1)

(R̃2)

(S3, S1)

S3, R̃2, S1, S̃1, S̄1

10i5j5 & 10i5j45

5i5j15

�51545

�

yij10i5j5

yij10i10j5

yij5i5j10

yij5i5j15

yij10i5j45

yij10i10j45

5

15

45

≡ dimensionful parameter  

ONE-LOOP ν MASSES IN SU(5) 

1

(S1)

(R̃2)

(S3, S1)

S3, R̃2, S1, S̃1, S̄1

10i5j5 & 10i5j45

5i5j15

�51545

5i5j10

�51045

�

yij10i5j5

yij10i10j5

yij5i5j10

yij5i5j15

yij10i5j45

yij10i10j45

5

1

10i & 5i (i = 1, 2, 3)

126 � (5, 10, 15, ,45 )

yij16i16j126

�yij ū
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C
L ieL jS

1/3
3

2�1/2yij d̄
C
L i⌫L jS

1/3
3

yij d̄
C
L ieL jS

4/3
3

(S3)

(S1)

(R̃2)

(S3, S1)

(S3)

(R2, S1, S̃1)

10i5j5 & 10i5j45

5i5j15

�51545

5i5j10

�51045



p DECAY 

1

10

15

45

H ⌘ (1,2,�1/2)
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2 ij d̄

i
Re

j
LR̃

2/3
2 + (ỹRL
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2 ij d̄

i
RR̃

a
2✏

abLj,b
L

L � �ỹRL
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2 U)ij d̄
i
R⌫

j
LR̃

�1/3
2

S3 ⌘

R2 ⌘

R̃2 ⌘

S1 ⌘

S̃1 ⌘

S̄1 ⌘

Q 

1/3 

−2/3 

4/3 

3

SCALAR LQs SU(5)

S3 ⌘ (3,3, 1/3) 45

R2 ⌘ (3,2, 7/6) 45

R̃2 ⌘ (3,2, 1/6) 10,15

S̃1 ⌘ (3,1, 4/3) 45

S1 ⌘ (3,1, 1/3) 5,45

S̄1 ⌘ (3,1,�2/3) 10

S1 ⌘

S̃1 ⌘

S̄1 ⌘

mDd̄LdR

SU(3)⇥ SU(2)⇥ U(1)

(3,3, 1/3)

(3,2, 7/6)

(3,2, 1/6)

(3,1, 1/3)

(3,1, 4/3)

(3,1,�2/3)

SU(3)⇥ SU(2)⇥ U(1)

1

S
1/3
3

10i & 5i (i = 1, 2, 3)

126 � (5, 10, 15, ,45 )

yij16i16j126

�yij ū
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C
L ieL jS

1/3
3

2�1/2yij d̄
C
L i⌫L jS

1/3
3

yij d̄
C
L ieL jS

4/3
3

(S3)

(S1)

(R̃2)

(S3, S1)

(S3)

(R2, S1, S̃1)

10i5j5 & 10i5j45

5i5j15

1

R̃
2/3 ⇤
2

R̃
�1/3 ⇤
2

S
�2/3
3

S
1/3
3

S
4/3
3

10i & 5i (i = 1, 2, 3)

126 � (5, 10, 15, ,45 )

yij16i16j126

�yij ū
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C
L i⌫L jS

�2/3
3

2�1/2yij ū
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C
L i⌫L jS

�2/3
3

2�1/2yij ū
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C
L ieL jS

1/3
3

2�1/2yij d̄
C
L i⌫L jS

1/3
3

yij d̄
C
L ieL jS

4/3
3

(S3)

1

(m⌫)ij =
3s✓c✓
16⇡2

X

k=d,s,b

mk[B0(0,m
2
k,m

2
1)�B0(0,m

2
k,m

2
2)]{yiky0jk + yjky

0
ik}

B0(0,m
2
k,m

2
1)�B0(0,m

2
k,m

2
2) =

m2
2[lnm

2
2 � lnm2

k]

m2
2 �m2

k

� m2
1[lnm

2
1 � lnm2

k]

m2
1 �m2

k

R
2/3 ⇤
2

R
5/3
2

R̃
2/3 ⇤
2

R̃
�1/3 ⇤
2

S
�2/3
3

S
1/3
3

S
4/3
3

S̃1

10i & 5i (i = 1, 2, 3)

126 � (5, 10, 15, ,45 )

yij16i16j126

�yij ū
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C
L i⌫L jS

�2/3
3

2�1/2yij ū
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Me – charged lepton mass matrix  Md – down-type quark mass matrix 



A LIST OF BENEFITS 

p DECAY CONSTRAINTS CAN BE ACCOMMODATED 

LQ MASSES COULD BE CONSTRAINED THROUGH THE 
GAUGE COUPLING UNIFICATION… 

RELEVANT YUKAWA COUPLING MATRICES ARE RELATED 
TO FERMION MASSES AND/OR POSSESS ADDITIONAL 
SYMMETRY. THIS NOT ONLY REDUCES THE TOTAL 
NUMBER OF PARAMETERS BUT HELPS RELATE 
LEPTOQUARK DECAY PATTERNS TO NEUTRINO MASSES… 

◎ 

◎P. Fileviez Perez, T. Han, Gui-Yu Huang, T. Li, K. Wang, Phys. Rev. D 78, 071301, (2008). 



CONCLUSIONS 

SU(5) CAN ACCOMMODATE WITH EASE THE 
ONE-LOOP NEUTRINO MASS MECHANISM THAT 
IS BASED ON THE LEPTOQUARK MULTIPLET 
MIXING. 
 
THE USE OF SU(5) CAN INCREASE 
PREDICTIVITY OF THE SET-UP. THIS COULD 
ESPECIALLY BE REFLECTED IN THE DECAY 
PATTERNS OF THE RELEVANT LEPTOQUARK 
MULTIPLETS. 
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◎ 

◎H. Murayama, T. Yanagida, Mod. Phys. Lett. A7 (1992). 
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