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Introduction/Motivation

Generate neutrino masses
Naturealy accomodate DM
Connect the existance of DM to non-zero neutrino masses
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Breef reveiw

See-saw-1, Add SM singlet fermion, mν = −m2
D

MN

See-saw-2, add SM triplet scalar, mν = − f µv
M2

See-saw-3, add SM triplet fermion
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Model particle content

Field SU(3)c SU(2)L U(1)Y U(1)D Flavors copies
Q ∼ (u, d)T 3 2 1

6 0 3 1
uc 3̄ 1 - 2

3 0 3 1
dc 3̄ 1 1

3 0 3 1
L ∼ (ν, e)T 1 2 − 1

2 0 3 1
ec 1 1 1 0 3 1

H ∼
(

H+, H0
)T

1 2 1
2 0 1 1

AL 1 1 0 3 3 1
CL 1 1 0 1 3 5
NL 1 1 0 -4 3 1
Nc

R 1 1 0 4 3 1
F2L 1 1 0 -2 3 4
ΨL 1 1 0 5

2 3 1
Ψc

R 1 1 0 - 5
2 3 1

ηL ∼
(
η0, η−1

)T
1 2 − 1

2 3 1 1
ηD 1 1 0 -1 1 1
φ 1 1 0 2 1 1
s7 1 1 0 7

2 1 1
s11 1 1 0 - 11

2 1 1
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Lagrangian

−L SM
Yuk = ūRaY ab

u QLbiHjε
ij + d̄RaY ab

d QLbiH†i + L̄i
aY ab

e eRbHi + h.c.
−L New

mF
= Ψ̄Lamab

Ψ ΨRb + N̄Lamab
N NRb + h.c.

−L New
Yuk = LaiY ab

L ALbη
†i
L +ΨLaY ab

A ALbs11 +ΨLaY abα
C CLbαs∗7

+ ALaY ab
N NLbη

∗
D + CLaαY abαβ

cc CLbβφ
∗ + ALaY abα

AF F2LbαηD

+ CLaαY abαβ
CF F2Lbβη

∗
D + F̄2LaαY abα

NF NRbφ+ h.c.

V0 =
∑

H,φ,ηL,ηD ,
s11,s7∈x

(
(−1)qx m2

x |x|
2 +

λx
2 |x|4

)
+

∑
H,φ,ηL,ηD ,s11,

s7∈{x<y}

λxy |x|2 |y|2 + λHL2
(
H†ηL

) (
η†LH

)
V3 = µDη

2
Dφ+ µ3φs11s7 + h.c.

V4 = λHηφHiηLjηDφ
∗εij + λsηη

2
Ds∗7 s∗11 + h.c.
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Triangle Anomalies

∑
i

QDi = 1 × (3) + 5 × (1) + 4 × (−2) + 1 × (−4) + 1 × (4)

+ 1 ×
(

5
2

)
+ 1 ×

(
−5

2

)
= 0∑

i
Q3

Di = 1 × (3)3 + 5 × (1)3 + 4 × (−2)3 + 1 × (−4)3 + 1 × (4)3

+ 1 ×
(

5
2

)3
+ 1 ×

(
−5

2

)3
= 0

10/18



Radiative
Neutrino Mass

via Fermion
Kinetic Mixing

Introduction

Breef review

Model

Masses

Dark Matter
Candidates

Conclusions

Radiative neutrino mass generation

〈φ〉

〈H〉 〈φ〉

νL AL CL CL AL NL

η0
L ηD

mν = 1
16π2 YNmF2YL

ε
1−ε2 F (msi ,mF2 , θηL,ηD )
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Radiative Kinetic Mixing of Fermions

〈φ〉

CL ΨL AL

s7 s11
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Radiative Kinetic Mixing of Fermions

ε = 1
16π2 Y ∗

Aγ(msi ,mΨ, θs7,s11)YCe−i2∆(
AL
CL

)
= U(π/4,∆)†R−1

rescaleU(α)†
(

F1L
F2L

)
=(

1 − ε√
1−ε2

0 ε√
1−ε2

)(
F1L
F2L

)
tan(2α) = −

√
1−ε2
ε

13/18



Radiative
Neutrino Mass

via Fermion
Kinetic Mixing

Introduction

Breef review

Model

Masses

Dark Matter
Candidates

Conclusions

Hiden Sector Fermion Masses

m2
AD

=
g2

d
2 (2νφ)2

5 × 5 CL mass matrix generated by CLaαY abαβ
cc CLbβφ

∗
0 mν 0 0

mν 0 mN 0
0 mN 0 YNF vφ
0 0 YNF vφ 0

 in the
(
νL,NL,Nc

R ,F2Li
)

bases.

〈φ〉

〈φ〉
F2L CL CL F2L

ηD ηD

14/18



Radiative
Neutrino Mass

via Fermion
Kinetic Mixing

Introduction

Breef review

Model

Masses

Dark Matter
Candidates

Conclusions

Mass of A dark fermion

〈H〉 〈φ〉

AL νL NL AL

η0
L ηD
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Scalar Masses

mHφR =

(
λHν

2 λHφννφ
λHφννφ λφν

2
φ

)
mηLD[R/I] =m2

ηL + λHLν
2

2 +
λφLν

2
φ

2 ∓λHηφννφ
2

∓λHηφννφ
2 m2

ηD + λHDν2

2 +
λφDν2

φ

2 ±
√

2µDνφ


ms[R/I] =(

m2
s7 + λH7ν

2 + λφ7ν
2
φ ±µ3νφ√

2
±µ3νφ√

2 m2
s11 + λH11ν

2 + λφ11ν
2
φ

)
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Dark matter candidates

2 dark separeted sectors
QD odd charged particles: A,C , ηL, ηD (equivalent to
canonical Scotogenic case)
Particles with frational QD charges: Ψ, s7, s11 (Needed for
kinetic mixing), like dark sector within dark sector
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Conclusions

generate naturaly small neutrino masses
naturally accomodate multilayer DM

Thank you!
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