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BrSM (µ→ eγ) ∼ O
(
10−54

)
, Brexp (µ→ eγ) < 4.2× 10−13
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Type I seesaw Type II seesaw
LHN 2⊗ 2⊗ 1 L∆L 2⊗ 3⊗ 2
Minkowski 1977, Gellman, Ramond, Slansky 1980

Glashow, Yanagida 1979, Mohapatra, Senjanovic 1980 Schechter-Valle 1980 and 1982

Lazarides Shafi Weterrich 1981, Schechter-Valle 1980 and 1982

Type III seesaw
LHΣ 2⊗ 2⊗ 3

Antonio Enrique Cárcamo Hernández (UTFSM) Radiative neutrino masses. 01/16 6 / 25



Inverse seesaw One loop Ma radiative seesaw model
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Zee model Zee Babu model
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KNT model
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f̄iL fjRFrR F̄rL

×v

Re η0, Im η0 Re σ, Im σ

×
vχ

f̄iL f̃jR
¯̃
F sL F̃ ′

sR

×
F̃sR

×
vS

¯̃
F

′
sL

×v

Re ϕ0, Im ϕ0 Re ξ, Im ξ

Re ρ, Im ρ

νi νjνsR νsRΩp Ωp

×
Ψk Ψk

Re σ, Im σ

Re ρ, Im ρ Re ρ, Im ρ

Re ϕ0, Im ϕ0 Re ϕ0, Im ϕ0

×v× v

×
vS

×
vχ

mν ∼ l3y6λ
v2

M
,

y ∼ 0.3, λ ∼ 0.1

M ∼ O (13)TeV

mν ∼ O (0.1) eV

AECH, S. Kovalenko, M. Maniatis and I. Schmidt, “Fermion mass hierarchy and
g − 2 anomalies in an extended 3HDM Model,” JHEP 10 (2021), 036
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Scotogenic neutrino masses with GCU

Field SU(3)c SU(3)L U(1)X U(1)N Q MP = (−1)3(B−L)+2s

qiL 3 3 0 0 (− 1
3 , 2

3 ,− 1
3 )

T (+ +−)T
q3L 3 3 1

3
2
3 ( 2

3 ,− 1
3 , 2

3 )
T (+ +−)T

uaR 3 1 2
3

1
3

2
3 +

daR 3 1 − 1
3

1
3 − 1

3 +

U3R 3 1 2
3

4
3

2
3 −

DiR 3 1 − 1
3 − 2

3 − 1
3 −

laL 1 3 − 1
3 − 2

3 (0,−1, 0)T (+ +−)T
eaR 1 1 −1 −1 −1 +

νiR 1 1 0 −4 0 −
ν3R 1 1 0 5 0 +

ΩaL 1 8 0 0




0 1 0

−1 0 −1

0 1 0






− − +

− − +

+ + −




η 1 3 − 1
3

1
3 (0,−1, 0)T (+ +−)T

ρ 1 3 2
3

1
3 (1, 0, 1)T (+ +−)T

χ 1 3 − 1
3 − 2

3 (0,−1, 0)T (−−+)T

φ 1 1 0 2 0 +

σ 1 1 0 1 0 −

Table: 3311 model field content (a = 1, 2, 3 and i = 1, 2 are family indices).
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〈η〉 〈η〉

〈φ〉

νL ΩL ΩL
νL

χ

σ

χ

σ

Figure: Feynman-loop diagram contributing to the light active Majorana neutrino
mass matrix.

In the limit where the trilinear scalar interactions φ†σ2 and (η†χ)σ are
absent, the model Lagrangian has an accidental U(1) symmetry under
which φ and σ have the same charge whereas the remaining fields are
neutral under this symmetry.
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Q = T3 −
T8√

3
+ X , B − L = − 2√

3
T8 +N, (1)

qiL =




di
−ui
Di




L

q3L =



u3

d3

U3




L

laL =




νa
ea
Na




L

, (2)

The gauged B − L symmetry is spontaneously broken leaving a discrete
remnant symmetry MP = (−1)3(B−L)+2s .

〈η〉 =
1√
2
(v1, 0, 0)T , 〈ρ〉 = 1√

2
(0, v2, 0)T , 〈χ〉 = (0, 0,w)T ,

〈φ〉 =
1√
2

Λ, 〈σ〉 = 0. (3)

We assume w , Λ,� v1, v2, such that the SSB pattern of the model is

SU(3)C×SU(3)L × U(1)X × U(1)N
↓ w , Λ

SU(3)C × SU(2)L × U(1)Y ×MP

↓ v1, v2

SU(3)C × U(1)Q ×MP . (4)
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Figure: Viable mass regions where the field ϕ2 of the simplified model described
in the text behaves as a dark matter candidate. The red regions correspond to
the current direct detection limits The blue regions represent values of the
effective coupling λeff where the corresponding relic density is incompatible with
the Planck measurement.

For the case of fermionic DM candidate, one has:

< σv >≈
( α

150 GeV

)2
(

MΩ

3 TeV

)2

≈
(

MΩ

3 TeV

)2

pb, (5)

ΩDMh2 =
0.1 pb

< σv >
, (6)
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Figure: Left) Unification scale MU as a function of the 3-3-1-1 symmetry breaking
scale MX , for three benchmark choices M8 = MX (solid curve), M8 = 3MX

(dashed curve) and M8 = 10MX (dot-dashed curve). (Right) An example of
SU(3)c × SU(3)L ×U(1)X ×U(1)N unification for a phenomenologically
accessible 3-3-1-1 symmetry breaking scale MX = 10 TeV and M8 = 3MX = 30
TeV.
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Scotogenic three-loop neutrino mass model

Field qiL uiR diR `iL `iR NRk
φ η ϕ ρ ζ σ

SU(3)C 3 3 3 1 1 1 1 1 1 1 1 1

SU(2)L 2 1 1 2 1 1 2 2 1 1 1 1

U(1)Y
1
6

2
3 − 1

3 − 1
2 −1 0 1

2
1
2 0 0 0 0

U(1)′ 1
3

1
3

1
3 −3 −3 0 0 3 3 −1 0 1

2

Z2 1 1 1 1 1 −1 1 −1 −1 −1 −1 1

Table: Particle charge assignments under the
SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)′ ⊗Z2 symmetry. Here i = 1, 2, 3 and
k = 1, 2.
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Figure: Scotogenic loop for light active neutrino masses where ` = 1, 2 and

α, β = e, µ, τ. The scalar quartic coupling
(
φ†η

)2
arises at two-loop level.

In the limit where the trilinear scalar interaction A
[
(η†φ)ϕ + H.c.

]
is

absent, the model Lagrangian has an accidental U(1)X symmetry under
which the inert SU(2)L scalar doublet η has charge −1 and the charges of
the left and right leptonic fields are equal to 1, while the remaining fields
are neutral.
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Figure: The 1-σ and 2-σ regions in the mΦ1
−mη+ versus mη+ plane allowed by

the fit of the oblique S , T and U parameters including the CDF measurement of
the W mass. In the left (right) panel the mass of the neutral scalar Φ2 is
mΦ2

= 1 TeV (mΦ2
= 2 TeV). In both cases, the mixing angle is fixed at

θΦ = 0.2.
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Figure: Parameter space in the mη+ − ziα plane consistent with the charged lepton
flavor violation limits. The colored regions are allowed by the current constraints.
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Conclusions

Dark matter stability can arise from a residual matter-parity
symmetry.

Leptonic SU(3)L octets allow GCU and one loop scotogenic neutrino
generation. DM can also be accounted for.

Tiny active neutrino masses can be generated at three loop level
within a minimal extended IDM.

The minimal extended IDM acommodates oblique parameter
constraints, W mass anomaly and leads to CLFV processes within the
reach of the future experimental sensitivity.
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(
η0

ϕ

)
=

(
cos θΦ sin θΦ
− sin θΦ cos θΦ

)(
Φ1

Φ2

)
, (7)

(
ρR
ζR

)
=

(
cos θΞ sin θΞ
− sin θΞ cos θΞ

)(
Ξ1

Ξ2

)
, (8)

(
ρI
ζI

)
=

(
cos θ′Ξ sin θ′Ξ
− sin θ′Ξ cos θ′Ξ

)(
Ξ3

Ξ4

)
. (9)
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Parameters Scanned ranges
θR [0, 2π]
λ14 [0.01, 1]

mNR
, mη+ , mΦ1,2 , mΞ1,2,3,4 [500, 10000] GeV

Table: Scanned parameter ranges.
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θΦ 0.2 0.2

θΞ 0.3 0.3

θ′Ξ 0.1 0.1

mη+ [GeV] 1500 1700

mΦ1 [GeV] 1600 1765

mΦ2 [GeV] 1000 2000

mNR
[GeV] 8954.5 4246.9 5040.0 3450.7

mΞ1 [GeV] 8130.4 2925.0 8244.0 3282.9

mΞ2 [GeV] 1452.5 4748.5 2431.6 1815.4

mΞ3 [GeV] 8932.4 2763.1 6392.1 3637.6

mΞ4 [GeV] 7127.2 9336.4 1296.0 1458.4

λ14 0.729 0.726 0.363 0.504

y e1
η 0.124 0.346 −0.009 0.639

y e2
η −0.253 0.389 0.154 0.152

y
µ1
η 0.746 0.220 −0.313 0.031

y
µ2
η −0.307 −0.272 0.312 −0.440

y τ1
η 0.705 −0.335 −0.400 −0.183

y τ2
η 0.207 0.225 0.043 0.475

BR(µ→ eγ) 2.730× 10−13 9.170× 10−14 1.428× 10−13 3.452× 10−13

BR(µ→ eee) 3.686× 10−13 1.933× 10−13 9.799× 10−14 6.997× 10−13

BR(µ− e,Au) 2.392× 10−15 1.599× 10−16 2.816× 10−16 2.122× 10−16

mee [meV] 3.67 48.36 3.67 48.36
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