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Particle Content of the Model

Particle SU(3)C SU(2)L U(1)Y L copies Z2

Qi = (u, d)i 3 2 1/6 0 3 +
uc 3∗ 1 -2/3 0 3 +
dc 3∗ 1 1/3 0 3 +

Li = (ν, e)i 1 2 -1/2 1 3 +
ec 1 1 1 -1 3 +

(E 0,E−)L,R 1 2 -1/2 1 1 -
NL,R 1 1 0 1 1 -

Φ = (φ+, φ0) 1 2 1/2 0 1 +
s0i 1 1 0 0 3 -
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New Lagrangian

Lnew ⊃ NL

(
E 0
Rφ

0 − E−R φ
+
)(

E 0
RE

0
L + E+

R E−L

)
(
νLiE

0
R + e−LiE

−
R

)
sj

NLNL

m2
i s

2
i
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Mixing of Leptons, Z2 odd

ME ,N =

 0 mE mD

mE 0 0
mD 0 mN


m1 =

m2
EmN

m2
E + m2

D

m2,3 = ±
√

m2
E + m2

D +
m2

DmN

2
(
m2

E + m2
D

)
mN � mE ,mD



Scotogenic
Neutrino Mass

Oleg Popov

Model

Particle Content

Relevant
Lagrangian
Terms

Neutrino Mass

Neutrino Mass
Generation

Mixing of
Leptons

mν

Neutrino
Mixing

Beyond
fµ = fτ

Muon
Anomalous
Magnetic
Moment

µ→ eγ

Conclusions

References

Neutrino Mass

mν = f2
m2

DmN

m2
E + m2

D

F (x)

F (x) =
1

1− x

(
1 +

x lnx

1− x

)
x =

m2
s(

m2
E + m2

D

)
fe,µ,τ 0.1

x ≈ 0

mN 10 MeV

mD 10 GeV

mE 1 TeV

mν 0.1 eV
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Z3 symmetry and Neutrino Mixing

(νi , li ) ∼ 1, 1′, 1′′, s1 ∼ 1, (s2 ± is3) /
√

2 ∼ 1′, 1′′, liR ∼ 1, 1′, 1′′

m2
s s

2 + m′2s
(
s22 + s23

)

Mν =

1 0 0

0 1/
√
2 i/

√
2

0 1/
√
2 −i/

√
2

OT


I (m2

s1
) 0 0

0 I (m2
s2
) 0

0 0 I (m2
s3
)

O

1 0 0

0 1/
√
2 1/

√
2

0 i/
√
2 −i/

√
2



Mν |fµ=fτ =

 A C C∗

C D∗ B
C∗ B D


Cobimaximal Mixing: θ23 = π/4, exp(−iδ) = ±i , θ13 6= 0
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fµ 6= fτ case

Mν = EαUEβMdEβU
TEα

MνM
†
ν = EαUM

2
dU
†E †α

Mλ
νM

λ†
ν = EαU [1 + ∆]M2

λd

[
1 + ∆†

]
︸ ︷︷ ︸

OM2
newO

T

U†E †α

∆ = U†

0 0 0
0 0 0
0 0 λ− 1

U, M2
λd =

m2
1 0 0

0 m2
2 0

0 0 λ2m2
3


λ =

fµ
fτ
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fµ 6= fτ case

=⇒ Normal ordering (left) and Inverted ordering (right).
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Muon Anomalous Magnetic Moment

∆aµ =
(g − 2)µ

2
=

f2µm
2
µ

16π2m2
E

∑
i

|Uµi |2 G (xi )
§

G (x) =
1− 6x+ 3x2 + 2x3 − 6x2lnx

6 (1− x)4
, xi = m2

si
/m2

E

U = O

1 0 0

0 1/
√

2 1/
√

2

0 i/
√

2 −i/
√

2


xi � 1

mE ∼ 1TeV

}
∆a =

f2µm
2
µ

96π2m2
E

≈ 10−11f2µ

§S. Kanemitsu and K. Tobe, Phys. Rev. D86, 095025 (2012).
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µ→ eγ

Aµe =
efµfemµ

32π2m2
E

∑
i

U∗eiUµiG (xi )

Br (µ→ eγ) =
12π2 |Aµe|2

m2
µG

2
F

< 5.7× 10−13 ‡

fµfe < 0.03

‡MEG Collaboration, J. Adams et al., Phys. Rev. Lett. 110, 201801
(2013).
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Conclusions

Inverse Seesaw Neutrino Mass

Z3 Flavor Symmetry =⇒ Cobimaximal Mixing

Deviation from Cobimaximal Mixing

g-2 and µ→ eγ
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