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ỹRL
2 , yLL

1 , yLL
3
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ỹRL
2

L � �ỹRL
2 ij d̄

i
RR̃

a
2✏

abLj,b
L

L � �ỹRL
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WITH HEAVY LEPTOQUARKS 
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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 ⌘

R̃2 ⌘

S1 ⌘

(3,3, 1/3)

(3,2, 1/6)

(3,1, 1/3)

S3 ⌘

3

yij5i5j15

yij10i5j45

yij10i10j45

5

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 U)ij d̄
i
R⌫

j
LR̃

�1/3
2

S3 ⌘

R̃2 ⌘

S1 ⌘

(3,3, 1/3)

(3,2, 1/6)

(3,1, 1/3)

S3 ⌘

5

SCALAR LQs SU(5)

S3 ⌘ (3,3, 1/3) 45

R̃2 ⌘ (3,2, 1/6) 10,15

S1 ⌘ (3,1, 1/3) 5,45

mb ⇡ 1GeV

mLQ � 1012 GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

mN ⇡ 10 y0 y eV

5i15lj45
jk
i 24l

k



ONE-LOOP ν MASS MECHANISMS IN SU(5) 

4

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

S ⌘ (1,3, 1)

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)

S3, R̃2, S1

(mN )↵� ⇡ 3✓

16⇡2
ln

m2
LQ2

m2
LQ1

X

�=d,s,b

m�

�
y0�↵ y�� + y0�� y�↵

 

4

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

S ⌘ (1,3, 1)

R2 ⌘

R̃2 ⌘

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)

S3, R̃2, S1

(mN )↵� ⇡ 3✓

16⇡2
ln

m2
LQ2

m2
LQ1

X

�=d,s,b

m�

�
y0�↵ y�� + y0�� y�↵

 

mb ⇡ 1GeV



ONE-LOOP ν MASS MECHANISMS IN SU(5) 

4

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

S ⌘ (1,3, 1)

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)

S3, R̃2, S1

(mN )↵� ⇡ 3✓

16⇡2
ln

m2
LQ2

m2
LQ1

X

�=d,s,b

m�

�
y0�↵ y�� + y0�� y�↵

 

4

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

S ⌘ (1,3, 1)

R2 ⌘

R̃2 ⌘

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)

S3, R̃2, S1

(mN )↵� ⇡ 3✓

16⇡2
ln

m2
LQ2

m2
LQ1

X

�=d,s,b

m�

�
y0�↵ y�� + y0�� y�↵

 

mb ⇡ 1GeV

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

5

mb ⇡ 1GeV

mLQ � 1012 GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6



ONE-LOOP ν MASS MECHANISMS IN SU(5) 

4

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

S ⌘ (1,3, 1)

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)

S3, R̃2, S1

(mN )↵� ⇡ 3✓

16⇡2
ln

m2
LQ2

m2
LQ1

X

�=d,s,b

m�

�
y0�↵ y�� + y0�� y�↵

 

4

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

S ⌘ (1,3, 1)

R2 ⌘

R̃2 ⌘

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)

S3, R̃2, S1

(mN )↵� ⇡ 3✓

16⇡2
ln

m2
LQ2

m2
LQ1

X

�=d,s,b

m�

�
y0�↵ y�� + y0�� y�↵

 

mb ⇡ 1GeV

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

5

mb ⇡ 1GeV

mLQ � 1012 GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6



ONE-LOOP ν MASS MECHANISMS IN SU(5) 

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6



ONE-LOOP ν MASS MECHANISMS IN SU(5) 

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6



ONE-LOOP ν MASS MECHANISMS IN SU(5) 

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

5

SCALAR LQs SU(5)

S3 ⌘ (3,3, 1/3) 45

R̃2 ⌘ (3,2, 1/6) 10,15

S1 ⌘ (3,1, 1/3) 5,45

mb ⇡ 1GeV

mLQ � 1012 GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

mN ⇡ 10 y0 y eV

5i15lj45
jk
i 24l

k

5

SCALAR LQs SU(5)

S3 ⌘ (3,3, 1/3) 45

R̃2 ⌘ (3,2, 1/6) 10,15

S1 ⌘ (3,1, 1/3) 5,45

mb ⇡ 1GeV

mLQ � 1012 GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

mN ⇡ 10 y0 y eV

5a15bc45
cd
a 24b

d

h24i ⇡ 1016 GeV

 ⇡ 1

1012 GeV  mLQ  5⇥ 1013 GeV

S
2/3
3



ONE-LOOP ν MASS MECHANISMS IN SU(5) 

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

5

mb ⇡ 1GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

5

SCALAR LQs SU(5)

S3 ⌘ (3,3, 1/3) 45

R̃2 ⌘ (3,2, 1/6) 10,15

S1 ⌘ (3,1, 1/3) 5,45

mb ⇡ 1GeV

mLQ � 1012 GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

mN ⇡ 10 y0 y eV

5a15bc45
cd
a 24b

d

h24i ⇡ 1016 GeV

 ⇡ 1

1012 GeV  mLQ  5⇥ 1013 GeV

S
2/3
3

5

SCALAR LQs SU(5)

S3 ⌘ (3,3, 1/3) 45

R̃2 ⌘ (3,2, 1/6) 10,15

S1 ⌘ (3,1, 1/3) 5,45

mb ⇡ 1GeV

mLQ � 1012 GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

mN ⇡ 10 y0 y eV

5a15bc45
cd
a 24b

d

h24i ⇡ 1016 GeV

 ⇡ 1

1012 GeV  mLQ  5⇥ 1013 GeV

S
2/3
3

5

SCALAR LQs SU(5)

S3 ⌘ (3,3, 1/3) 45

R̃2 ⌘ (3,2, 1/6) 10,15

S1 ⌘ (3,1, 1/3) 5,45

mb ⇡ 1GeV

mLQ � 1012 GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

mN ⇡ 10 y0 y eV

5a15bc45
cd
a 24b

d

h24i ⇡ 1016 GeV

 ⇡ 1

1012 GeV  mLQ  5⇥ 1013 GeV

S
2/3
3

3

yij5i5j15

y0ij5i5j15

yij10i5j45

yij10i10j45

5

15

45

H ⌘ (1,2,�1/2)

� ⇡ h24i
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2 U)ij d̄
i
R⌫

j
LR̃

�1/3
2

S3 ⌘

R̃2 ⌘

S1 ⌘

(3,3, 1/3)

(3,2, 1/6)

(3,1, 1/3)

3

yij5i5j15

y0ij5i5j15

yij10i5j45

yij10i10j45

5

15

45

H ⌘ (1,2,�1/2)
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2 U)ij d̄
i
R⌫

j
LR̃

�1/3
2

S3 ⌘

R2 ⌘

R̃2 ⌘

S1 ⌘

S̃1 ⌘

S̄1 ⌘

mDd̄LdR

SU(3)⇥ SU(2)⇥ U(1)

(3,3, 1/3)

(3,2, 7/6)

(3,2, 1/6)

1

(S1)

(R̃2)

(S3, S1)

S3, R̃2, S1, S̃1, S̄1

yij10i5j5

yij10i10j5

yij5i5j10

yij5i5j15

yij10i5j45

yij10i10j45

5

15

45

H ⌘ (1,2,�1/2)
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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

�

xij10i5j5

x0
ij10i10j5

yij5i5j10

1

S3, R̃2, S1, S̃1, S̄1

yij5i5j10

yij5i5j15

yij10i5j45

5

15

45

H ⌘ (1,2,�1/2)
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ỹRL
2

L � �ỹRL
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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ỹRL
2 , yLL

1 , yLL
3
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p DECAY THROUGH THE LQ MIXING 
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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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2 ij d̄

i
Re

j
LR̃

2/3
2 + (ỹRL
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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)

(S1)

(R̃2)

(S3, S1)

5/3 

5

SCALAR LQs SU(5)

S3 ⌘ (3,3, 1/3) 45

R̃2 ⌘ (3,2, 1/6) 10,15

S1 ⌘ (3,1, 1/3) 5,45

mb ⇡ 1GeV

mLQ � 1012 GeV

ln
m2

LQ2

m2
LQ1

⇡ 1

mN ⇡ 10�2 ✓ ln
m2

LQ2

m2
LQ1

mb y
0 y

mN ⇡ 10�2 ✓ y0 yGeV

✓ ⇡ �hHi
m2

LQ

⇡ 1016 102

1024
⇡ 10�6

mN ⇡ 10 y0 y eV

5i15lj45
jk
i 24l

k

1012 GeV  mLQ  5⇥ 1013 GeV

S
2/3
3

p DECAY THROUGH THE LQ MIXING 



[                          ] * 

           0 
 
0            

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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ONE-LOOP ν MASS MECHANISMS IN SU(5) 
WITH LIGHT LEPTOQUARKS 

i

R

H

2
~

i d

í���
 S    �

���

y2
~RL y�

LL

LL

Ȝ

i

R2

i u

2/3
 S    3

í���

y2
RL y3

LL

LL í����V CKM
1/2 *

H S
*

i

R2

i u

2/3
 S    3

í���

y2
RL y3

LL

LL í����V CKM
1/2 *

H
H

H
R2
~ 2/3

Ȝ



CONCLUSIONS 

SU(5) CAN ACCOMMODATE WITH EASE THE 
ONE-LOOP NEUTRINO MASS MECHANISM THAT 
IS BASED ON THE LEPTOQUARK MULTIPLET 
MEDIATION AND 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. 



CONCLUSIONS 

IN THE HEAVY LEPTOQUARK REGIME THE 
VIABILITY WINDOW FOR THE LEPTOQUARK 
MASSES AND COUPLINGS TO THE MATTER IS 
EXTREMELY NARROW. 
 
THE LIGHT LEPTOQUARK LIMIT CAN ALSO BE 
ACCOMMODATED. IN THAT REGIME THERE 
CAN BE AN INTERPLAY BETWEEN THE DOWN-
TYPE AND THE UP-TYPE QUARK LOOPS. 
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