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Outline

Flavor structure: Hint for new physics

Modular symmetry as a predictive framework

Mass hierarchy of neutrinos shaped by the scoto-seesaw framework
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Flavour Structure of Standard Model

In Standard Model (SM) there are three families of five fermions:

QLi , u
c
Ri , d

c
Ri , lLi , eRi

Flavor problem occurs when three generations have to live together.
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Flavour Structure of Standard Model

This problem arises from Mass terms:

ecRiM
e
ij lLj : Charged leptons (1)

liM
ν
ij lj : Neutrinos (2)

UPMNS = V †
e Vν (3)
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Flavor Puzzle

This peculiar pattern consists flavor
puzzle.

Leads to new physics : Symmetry
approach.

5 / 21 Priya Mishra Neutrino Phenomenology



Flavor symmetry approach

There are various ways of doing this:

Froggatt Nielsen Mechanism: Solves hierarchy problem but no explanation for
large mixing angles in lepton sector.

Discrete Symmetry: Explains mixing pattern but symmetry breaking mechanism
is quite complicated.

In Modular symmetry approach flavor symmetry is realised in a non-linear way hence
making it special.
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Mass hierarchy of neutrinos shaped by the scoto-seesaw framework
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Model Framework

We extend the SM symmetry by including A4 modular symmetry.

∆m2
atm = 2.5× 10−3 eV2 and ∆m2

sol = 7.41× 10−5 eV2.

origins of these two scales may stem from separate mechanisms : Scoto-seesaw.

Fermions Scalars Yukawa couplings

Fields Lℓ ℓcR NR1 NR2 f Hu,d η η′ χ Y
(4)
1 Y

(4)
1′ Y

(8)
1 Y

(8)
1′ Y

(8)
1′′ Y

(10)
1

SU(2)L 2 1 1 1 1 2 2 2 1 − − − − − −

U(1)Y −1/2 1 0 0 0 ±1/2 1/2 −1/2 0 − − − − − −

A4 1, 1′, 1′′ 1, 1′′, 1′ 1 1′ 1 1 1 1 1 1 1′ 1 1′ 1′′ 1

kI 0 0 4 4 5 0 3 3 5 4 4 8 8 8 10

Table: Particle content and modular Yukawa couplings of the model and their charges under
SU(2)L × U(1)Y × A4, where kI is modular weight.
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Atmospheric Neutrino Mass Scale

Generating the atmospheric scale through type-I seesaw.

Figure: Feynman diagram at tree level

The Superpotential at tree level :

WT
ν = αT

(
Y

(4)
1 LeHuNR1 + Y

(4)
1′ LτHuNR1 + Y

(4)
1′ LµHuNR2 + Y

(4)
1 LτHuNR2

)
+ κ1Y

(8)
1 NR1NR1 + κ2Y

(8)
1′′ NR2NR2 .
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Neutrino mass matrix:

MD =

Y
(4)
1 0

0 Y
(4)
1′

Y
(4)
1′ Y

(4)
1

αT vu, MR =

(
κ1Y

(8)
1 0

0 κ2Y
(8)
1′′

)
(4)

(Mν)tree = −MDM
−1
R MT

D (5)
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Solar Neutrino mass scale

The Superpotential at loop level:

WL
ν = βL

(
Y

(8)
1 Leηf + Y

(8)
1′′ Lµηf + Y

(8)
1′ Lτηf

)
+ κSY

(10)
1 ff + λ1Y

(8)
1 Hdηχ .

Figure: Radiative neutrino mass generation
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Neutrino mass matrices at loop level:

(Mν)loop = β2LMf


(
Y

(8)
1

)2 (
Y

(8)
1 Y

(8)
1′′

) (
Y

(8)
1 Y

(8)
1′

)
∗

(
Y

(8)
1′′

)2 (
Y

(8)
1′′ Y

(8)
1′

)
∗ ∗

(
Y

(8)
1′

)2
F (mηR ,mηI ,Mf )

Total neutrino mass:

Mν = (Mν)tree + (Mν)loop (6)
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Parameter space
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Model Predictions
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Results from Neutrino phenomenology

Model favors normal ordering of neutrino mass

Figure: Predictions of neutrino oscillation parameters from model
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Results from Neutrino phenomenology

Figure: Predicted range for δCP
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Results from Neutrino phenomenology

Figure: Neutrinoless double beta decay parameter and Majorana phases
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Lepton Flavor Violating Decay mode µ → eγ

Figure: Expected branching ratio (BR) of µ→ eγ with experimental upper limit as 4.2× 10−13
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Lepton Flavor Violating Decay mode µ → 3e

Figure: Expected BR of µ→ 3e with experimental upper limit as 1× 10−12
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Conclusion

Modular symmetry is highly predictive in terms of mixing parameters in lepton
sector.

Neutrino mass is hierarchical by scoto-seesaw.

Our model predicts normal ordering for neutrino masses and
mlightest ∈ (9.2, 20.0)× 10−3 eV.

The neutrinoless double beta decay parameter |mee | ∈ (3.15, 6.66)× 10−3 eV,
which is within the potential reach of upcoming experiments.

A4 modular symmetry within the scoto-seesaw framework leads to a highly
predictive model whose predictions can be tested in various experiments.
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Thankyou
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Effective Majorana mass

a larger < mee > increases the chances of detecting the decay.

f (τ) = (−1)k f (τ) (7)

Thus for odd weights, modular forms vanishes.
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Under the modular transformation, chiral superfields ψi (i denotes flavors) with weight
-k transform as

ψi → (cτ + d)−kiρ(γ)ijψj . (8)

Weight (k) dk A4 representations

2 3 333

4 5 333+111+1′1′1′

6 7 333+333+111

8 9 333+333+111+1′1′1′+1′′1′′1′′

10 11 333+333+333+111 +1′1′1′

Table: A4 representations for different weight k.
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UV completion of SUSY scotogenic loop

WS = µHuHd + µηY
(6)
1 ηη′ +

1

2
µχY

(10)
1 χχ+ λ1Y

(8)
1 Hdηχ+ λ2Y

(8)
1 Huη

′χ.

(
M ij

ν

)
loop

=
3∑

l=1

F1lMf h
ihj +

3∑
l=1

F2lmη̃lh
ihj , (9)

where F1l and F2l are the loop function given by:

F1l =
1

32π2

[
[UR(2, l)]

2 m2
ηRl

M2
f −m2

ηRl

ln

(
M2

f

m2
ηRl

)
− [UI (2, l)]

2 m2
ηIl

M2
f −m2

ηIl

ln

(
M2

f

m2
ηIl

)]
,

(10)

F2l = [Uη(2, l)]
2 1

32π2

[
m2

fR

m2
η̃l
−m2

fR

ln

(
m2

η̃l

m2
fR

)
−

m2
fI

m2
η̃l
−m2

fI

ln

(
m2

η̃l

m2
fI

)]
. (11)

In the limit mη̃l >> mfR,I
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F1l → F =
1

32π2

[
m2

ηR

M2
f −m2

ηR

ln

(
M2

f

m2
ηR

)
−

m2
ηI

M2
f −m2

ηI

ln

(
M2

f

m2
ηI

)]
. (12)
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