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Modular Symmetries introduced in the contest of the flavour problem by F. Feruglio (arXiv:1706.08749)
Motivated by string theory: the modulus  is related to a torus compactificationτ

τ → γτ =
aτ + b
cτ + d

, Im(τ) > 0 γ ∈ SL(2,ℤ) = {(a b
c d) a, b, c, d ∈ ℤ, ac − bd = 1}The modular group acts on 

the modulus as follows
where

Γ(N) = {γ ∈ SL(2,ℤ) |γ = (1 0
0 1) mod N}

Consider the “Principal congruence group of level N”
<latexit sha1_base64="c8xJ6A/7ZkV+UD9xjGpzs1g1BMc="></latexit>
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5

The Quotient group gives the “Finite Modular Group”
ΓN ≡ SL(2,ℤ)/ ± Γ(N) Γ′￼N ≡ SL(2,ℤ)/Γ(N)or
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Modular Symmetries introduced in the contest of the flavour problem by F. Feruglio (arXiv:1706.08749)
Motivated by string theory: the modulus  is related to a torus compactificationτ

τ → γτ =
aτ + b
cτ + d

, Im(τ) > 0 γ ∈ SL(2,ℤ) = {(a b
c d) a, b, c, d ∈ ℤ, ac − bd = 1}The modular group acts on 

the modulus as follows
where

Γ(N) = {γ ∈ SL(2,ℤ) |γ = (1 0
0 1) mod N}

Consider the “Principal congruence group of level N”

ϕ(τ) → (cτ + d)−kϕ ρϕ(γ) ϕ(τ)

Y(τ) → (cτ + d)kY ρY(γ) Y(τ)

Fields transform as
Weights Irreps of  ΓN (Γ′￼N)

Yukawa couplings are in 
multiplets transforming as

<latexit sha1_base64="c8xJ6A/7ZkV+UD9xjGpzs1g1BMc="></latexit>
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!→
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The Quotient group gives the “Finite Modular Group”
ΓN ≡ SL(2,ℤ)/ ± Γ(N) Γ′￼N ≡ SL(2,ℤ)/Γ(N)or

SUSY Superpotential  

is invariant under the modular symmetry if 

W ∼ ∑ (YI1I2...In
ϕI1

ϕI2
. . . ϕIn)1

kY = kϕ1
+ kϕ2

+ … + kϕn

ρY ⊗ ρϕ1
⊗ ρϕ2

⊗ ⋯ ⊗ ρϕn
⊃ 1{

For a recent review and comprehensive literature see G.J. Ding and S.F King, Rept.Prog.Phys. 87 (2024) 8, 084201
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Model based on the 2O group 
The group  2O, the binary octahedral group, is a group of order 48 closely related to the octahedral group O, the group of rotational 
symmetries of a cube (or an octahedron). Specifically,  2O  is the double cover of the octahedral group and is isomorphic to S4

Ding, Liu, Yao, 2211.04546; Ding, Liu, Lu, Weng, 2307.14926)
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2O has 8 irreducible representations

Model based on the 2O group 
The group  2O, the binary octahedral group, is a group of order 48 closely related to the octahedral group O, the group of rotational 
symmetries of a cube (or an octahedron). Specifically,  2O  is the double cover of the octahedral group and is isomorphic to S4

Ding, Liu, Yao, 2211.04546; Ding, Liu, Lu, Weng, 2307.14926)

two one-dimensional irreps 1, 1′￼

three two-dimensional irreps 2, 2̂, ̂2′￼

two three-dimensional irreps 3, 3′￼

one four-dimensional irrep 4{{
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We consider N= 1 global supersymmetry,  generalized CP (gCP) symmetry  all coupling constants are real →
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We consider N= 1 global supersymmetry,  generalized CP (gCP) symmetry  all coupling constants are real →

2O has 8 irreducible representations

Particle content of the model

L ∼ 3 , Ec
D ≡ (ec, μc) ∼ ̂2 ′￼, τc ∼ 1′￼, Nc ∼ 3

kL = − 1 , kEc
D

= 6 , kτc = 5 , kNc = 1

QD ≡ (Q1, Q2)T ∼ 2 , Q3 ∼ 1′￼, Uc
D ≡ (uc, cc) ∼ ̂2 ′￼

tc ∼ 1′￼, Dc
D ≡ (dc, sc) ∼ 2 , bc ∼ 1′￼

kQD
= 3 − kUc

D
= kQ3

= 6 − ktc = 6 − kDc
D

= − kbc

Three  lepton doublets SU(2) Li = (νi

ℓi) i = e, μ, τ

Three  quark doublets SU(2) Qi = (ui

di) ui = u, c, t di = d, s, b

Three right-handed fermions  that are  singletsEc = (ec, μc, τc) SU(2)

Six right-handed quarks  and   
that are  singlets

Uc = (uc, cc, tc) Dc = (dc, sc, bc)
SU(2)

Three right-handed neutrinos  that are  singletsNc
i i = 1,2,3 SU(2)

Two Higgs fields,  and  that are invariant singlets of 2O  
with zero modular weights.

Hu Hd

Model based on the 2O group 
The group  2O, the binary octahedral group, is a group of order 48 closely related to the octahedral group O, the group of rotational 
symmetries of a cube (or an octahedron). Specifically,  2O  is the double cover of the octahedral group and is isomorphic to S4

Ding, Liu, Yao, 2211.04546; Ding, Liu, Lu, Weng, 2307.14926)

Representation under the 2O modular group 
and weights

two one-dimensional irreps 1, 1′￼

three two-dimensional irreps 2, 2̂, ̂2′￼

two three-dimensional irreps 3, 3′￼

one four-dimensional irrep 4{{
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The Lagrangian of the model contains the most general superpotential with all possible singlets 
under 2O built with the modular forms organized in various multiplets of different weights
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The Lagrangian of the model contains the most general superpotential with all possible singlets 
under 2O built with the modular forms organized in various multiplets of different weights

𝒲E = gE
1 (Ec

DL) ̂2 ′￼
Y(5)

̂2 ′￼
Hd + gE

2 (Ec
DL) ̂4

Y(5)
̂4
Hd + gE

3 (τcL)3′￼
Y(4)

3′￼
Hd

𝒲ν = gHu(NcL)1 + Λ (NcNc)2
Y(2)

2

𝒲u = gu
1 (Uc

DQD) ̂4
Y(3)

̂4
Hu + gu

2 (tcQD)2
Y(6)

2 Hu + gu
3 (tcQ3)1

Y(6)
1 Hu

𝒲d = gd
1 (Dc

DQD)1
Y(6)

1 Hd + gd
2 (Dc

DQD)1′￼
Y(6)

1′￼
Hd + gd

3 (Dc
DQD)2

Y(6)
2 Hd + gd

4 (Dc
DQ3)2

Y(6)
2 Hd + gd

5 (bcQ3)1
Hd

neutrinos

charged leptons

up - quarks

down - quarks
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The Lagrangian of the model contains the most general superpotential with all possible singlets 
under 2O built with the modular forms organized in various multiplets of different weights

Light neutrino mass matrix is derived by the seesaw formula

Each term multiplied by an unknown real (gCP invariance) parameter

The model contains 14 unknowns

Minimal model in the modular form literature so far

𝒲E = gE
1 (Ec

DL) ̂2 ′￼
Y(5)

̂2 ′￼
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Quark sector 
8 real parametersLepton sector 

4 real parameters

The modulus  
2 real parameters 

τ
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Model should satisfy 18 experimental constraints (only Normal Ordering of neutrino masses allowed)

Experimental inputs and model parameters

<latexit sha1_base64="9KlUXXisyadYJoiR5tSLeqaZDKI="></latexit>

Oi =






sin
2 ω12, sin

2 ω23, sin
2 ω13 i = 1, 2, 3 ε mixing,

ϑm2,!m2 i = 4, 5 ε masses,
reµ, rµω ,mω i = 6, 7, 8 charged lepton masses,
ωq12, ω

q
23, ω

q
13, ϑ

q
CP i = 9, 10, 11, 12 quark mixing,

ruc, rct, rds, rsb,mt,mb i = 13, . . . , 18 quark masses.
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Model should satisfy 18 experimental constraints (only Normal Ordering of neutrino masses allowed)

charged fermion masses and quark mixing 
parameters extrapolated to the GUT scale

Experimental inputs and model parameters

8 for leptons{
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Model should satisfy 18 experimental constraints (only Normal Ordering of neutrino masses allowed)

charged fermion masses and quark mixing 
parameters extrapolated to the GUT scale

The Lagrangian of the model contains 14 real parameters, 6 for leptons, 10 for quarks, with  in commonτ

Experimental inputs and model parameters

8 for leptons{
<latexit sha1_base64="9KlUXXisyadYJoiR5tSLeqaZDKI="></latexit>
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<latexit sha1_base64="XhND50X5oVz4QaRf5i1tp8e/gOc="></latexit>

Pleptons = (ω, gE1 vd,
gE2
gE1

,
gE3
gE1

,
g vu→
!
) ,

Pquarks = (ω, gu1 vu,
gu2
gu1

,
gu3
gu1

, gd1 vd,
gd2
gd1

,
gd3
gd1

,
gd4
gd1

,
gd5
gd1

)
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Explore the fundamental domain of τ

ℱ : |Re(τ) | ≤
1
2

, Im(τ) > 0 , |τ | ≥ 1 .
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Combined quarks+leptons  small blue regions→
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1
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, Im(τ) > 0 , |τ | ≥ 1 .

global CP invariance ⇒ symmetry with respect 
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Explore the fundamental domain of τ

ℱ : |Re(τ) | ≤
1
2
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We perform the analysis in three steps:
Quark only  large green regions→
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Combined quarks+leptons  small blue regions→

Only in the lower left quark allowed 
region there is an overlap

Combined analysis result is not the superposition of 
the quark and lepton separate allows regions
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Observables in the quark sector
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Observables in the lepton sector



8

0.30 0.33 0.36

sin2 ◊12

1.26

1.28

1.30

1.32

m
·

(G
eV

)

0.057

0.058

0.059

0.060

r µ
·

0.0046

0.0047

0.0048

0.0049

r e
µ

2.4

2.5

2.6

�
m

2
(e

V
2
)

7.0

7.5

8.0

”m
2

(e
V

2
)

0.020

0.022

0.024

sin
2
◊ 1

3

0.500

0.505

0.510

sin
2
◊ 2

3

0.500 0.505

sin2 ◊23

0.020 0.024

sin2 ◊13

7.0 7.5 8.0

”m2 (eV2)
2.4 2.5 2.6

�m2 (eV2)
0.0046 0.0048

reµ

0.058 0.060

rµ·

1.26 1.28 1.30 1.32

m· (GeV)

Only leptons
Quarks and leptons

Observables in the lepton sector



8

0.30 0.33 0.36

sin2 ◊12

1.26

1.28

1.30

1.32

m
·

(G
eV

)

0.057

0.058

0.059

0.060

r µ
·

0.0046

0.0047

0.0048

0.0049

r e
µ

2.4

2.5

2.6

�
m

2
(e

V
2
)

7.0

7.5

8.0

”m
2

(e
V

2
)

0.020

0.022

0.024

sin
2
◊ 1

3

0.500

0.505

0.510

sin
2
◊ 2

3

0.500 0.505

sin2 ◊23

0.020 0.024

sin2 ◊13

7.0 7.5 8.0

”m2 (eV2)
2.4 2.5 2.6

�m2 (eV2)
0.0046 0.0048

reµ

0.058 0.060

rµ·

1.26 1.28 1.30 1.32

m· (GeV)

Only leptons
Quarks and leptons

Observables in the lepton sector

Lepton only (red) and combined 
(blue) analyses in perfect agreement 
with experimental results on 
( )Δm2, reμ , rμτ , mτ



8

0.30 0.33 0.36

sin2 ◊12

1.26

1.28

1.30

1.32

m
·

(G
eV

)

0.057

0.058

0.059

0.060

r µ
·

0.0046

0.0047

0.0048

0.0049

r e
µ

2.4

2.5

2.6

�
m

2
(e

V
2
)

7.0

7.5

8.0

”m
2

(e
V

2
)

0.020

0.022

0.024

sin
2
◊ 1

3

0.500

0.505

0.510

sin
2
◊ 2

3

0.500 0.505

sin2 ◊23

0.020 0.024

sin2 ◊13

7.0 7.5 8.0

”m2 (eV2)
2.4 2.5 2.6

�m2 (eV2)
0.0046 0.0048

reµ

0.058 0.060

rµ·

1.26 1.28 1.30 1.32

m· (GeV)

Only leptons
Quarks and leptons

Observables in the lepton sector

Lepton only (red) and combined 
(blue) analyses in perfect agreement 
with experimental results on 
( )Δm2, reμ , rμτ , mτ

For the “atmospheric” mixing , due to the 
octant ambiguity still persistent in experimental 
measurements, we fix the experimental value at 
0.5 with the  error equal to 1/6 of the  
allowed region

sin2 θ23

1σ 3σ

Given the error on , , the model 
prediction on the atmospheric mixing angle is well 
inside the experimentally allowed  region

sin2 θ23 σexp ∼ 0.1

1σ



8

0.30 0.33 0.36

sin2 ◊12

1.26

1.28

1.30

1.32

m
·

(G
eV

)

0.057

0.058

0.059

0.060

r µ
·

0.0046

0.0047

0.0048

0.0049

r e
µ

2.4

2.5

2.6

�
m

2
(e

V
2
)

7.0

7.5

8.0

”m
2

(e
V

2
)

0.020

0.022

0.024

sin
2
◊ 1

3

0.500

0.505

0.510

sin
2
◊ 2

3

0.500 0.505

sin2 ◊23

0.020 0.024

sin2 ◊13

7.0 7.5 8.0

”m2 (eV2)
2.4 2.5 2.6

�m2 (eV2)
0.0046 0.0048

reµ

0.058 0.060

rµ·

1.26 1.28 1.30 1.32

m· (GeV)

Only leptons
Quarks and leptons

Observables in the lepton sector

Lepton only (red) and combined 
(blue) analyses in perfect agreement 
with experimental results on 
( )Δm2, reμ , rμτ , mτ

Slight tension ( ) for ∼ 3σ sin2 θ12

For the “atmospheric” mixing , due to the 
octant ambiguity still persistent in experimental 
measurements, we fix the experimental value at 
0.5 with the  error equal to 1/6 of the  
allowed region

sin2 θ23

1σ 3σ

Given the error on , , the model 
prediction on the atmospheric mixing angle is well 
inside the experimentally allowed  region

sin2 θ23 σexp ∼ 0.1

1σ



9



9

How good is the Fit?



9

How good is the Fit?



9

How good is the Fit?

Lepton only analysis  “small”χ2



9

How good is the Fit?

Lepton only analysis  “small”χ2

The observable contributing the most 
to the  is χ2 sin2 θ12



9

How good is the Fit?

Lepton only analysis  “small”χ2

The observable contributing the most 
to the  is χ2 sin2 θ12

Quark only analysis χ2 ∼ 10−3

All observables very well fitted



9

How good is the Fit?

Lepton only analysis  “small”χ2

The observable contributing the most 
to the  is χ2 sin2 θ12

Quark only analysis χ2 ∼ 10−3

All observables very well fitted

In the combined fit the minimum of the  
increases to , and both the lepton and 
the quark contributions increase with 
respect to the separate analyses

χ2

∼ 20



9

How good is the Fit?

Lepton only analysis  “small”χ2

The observable contributing the most 
to the  is χ2 sin2 θ12

Quark only analysis χ2 ∼ 10−3

All observables very well fitted

In the combined fit the minimum of the  
increases to , and both the lepton and 
the quark contributions increase with 
respect to the separate analyses

χ2

∼ 20

The two observables  and  contribute 
with  units to the total .

sin2 θ12 rsb

∼ 17.3 χ2
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Example of correlations

For instance  model parameters most correlated to  in the two sectors→ τ
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Example of correlations

For instance  model parameters most correlated to  in the two sectors→ τ
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Example of correlations

For instance  model parameters most correlated to  in the two sectors→ τ
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Example of correlations

For instance  model parameters most correlated to  in the two sectors→ τ

Leptons  (negative correlation)→
gvu

Λ

Quarks  (positive correlation)→
gd
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We can directly verify the correlation among  
quark and lepton parameters

Example of correlations



13

We can directly verify the correlation among  
quark and lepton parameters

R
e(

ø
)

Im
(ø

)

gE 1
v d

gE 2
/g

E 1

gE 3
/g

E 1
g

v u p
§

gu 1
v u

gu 2
/g

u 1

gu 3
/g

u 1

gd 1
v d

gd 2
/g

d 1

gd 3
/g

d 1

gd 4
/g

d 1

gd 5
/g

d 1

si
n2

µ 1
2

si
n2

µ 2
3

si
n2

µ 1
3

±m
2

¢
m

2

± C
P

r e
µ

r µ
ø ¥ 1 ¥ 2

m
Ø
Ø ß

m
Ø

m
1

m
ø

J
C

P

µq 12 µq 23 µq 13

±q C
P

r u
c

r c
t

r d
s

r s
b

m
t

m
b

Re(ø )

Im(ø )

gE
1 vd

gE
2 /gE

1

gE
3 /gE

1
g vup

§

gu
1vu

gu
2/g

u
1

gu
3/g

u
1

gd
1vd

gd
2/g

d
1

gd
3/g

d
1

gd
4/g

d
1

gd
5/g

d
1

sin2 µ12

sin2 µ23

sin2 µ13

±m2

¢m2

±CP

reµ

rµø

¥1

¥2

mØØ

ß

mØ

m1

mø

JCP

µq
12

µq
23

µq
13

±q
CP

ruc

rct

rds

rsb

mt

mb

1.00 0.77 0.30 0.64 0.13 -0.89 0.02 -0.04 0.29 0.31 0.43 0.29 0.56 0.14 -0.67 -0.96 -1.00 -0.24 0.12 -0.84 -0.01 -0.01 0.94 0.65 -0.96 -0.60 -0.90 -0.90 0.00 0.96 -0.00 -0.20 0.05 0.14 0.07 0.01 0.01 0.63 -0.00 -0.00

0.77 1.00 0.42 0.56 0.12 -0.78 0.03 -0.01 0.28 0.43 0.30 0.18 0.78 0.18 -0.99 -0.91 -0.75 0.35 -0.17 -0.99 -0.00 -0.00 0.94 0.99 -0.74 -0.60 -0.76 -0.78 0.00 0.92 -0.01 -0.25 0.06 0.16 0.09 0.00 0.01 0.82 -0.01 -0.00

0.30 0.42 1.00 0.22 -0.70 -0.31 0.01 0.00 0.12 0.19 0.12 0.07 0.33 0.07 -0.42 -0.40 -0.29 0.18 -0.09 -0.41 0.01 0.75 0.38 0.42 -0.29 -0.25 -0.30 -0.31 0.51 0.37 -0.00 -0.10 0.02 0.07 0.04 -0.00 0.00 0.34 -0.00 0.01

0.64 0.56 0.22 1.00 0.09 -0.59 0.01 -0.02 0.19 0.23 0.27 0.18 0.42 0.10 -0.51 -0.65 -0.63 -0.06 0.03 -0.59 -0.77 -0.00 0.64 0.50 -0.61 -0.41 -0.58 -0.59 -0.00 0.64 -0.00 -0.14 0.03 0.10 0.05 0.00 0.01 0.46 -0.00 0.00

0.13 0.12 -0.70 0.09 1.00 -0.12 0.01 -0.01 0.03 0.04 0.05 0.04 0.10 0.02 -0.11 -0.09 -0.13 0.00 -0.00 -0.13 -0.01 -0.99 0.13 0.11 -0.12 -0.08 -0.12 -0.12 -0.00 0.13 0.00 -0.03 0.01 0.02 0.01 0.01 0.00 0.10 -0.00 -0.01

-0.89 -0.78 -0.31 -0.59 -0.12 1.00 -0.02 0.03 -0.27 -0.32 -0.38 -0.25 -0.58 -0.14 0.71 0.90 0.89 0.29 0.34 0.83 0.00 0.00 -0.89 -0.70 0.97 0.90 1.00 1.00 -0.00 -0.90 0.00 0.20 -0.05 -0.14 -0.07 -0.01 -0.01 -0.65 0.00 0.00

0.02 0.03 0.01 0.01 0.01 -0.02 1.00 -0.86 -0.56 0.02 0.01 0.00 0.03 0.00 -0.03 -0.02 -0.02 0.02 -0.01 -0.03 0.00 -0.00 0.03 0.03 -0.02 -0.02 -0.02 -0.02 -0.00 0.03 0.00 -0.01 -0.01 0.01 -0.01 0.86 -0.00 0.03 0.50 0.00

-0.04 -0.01 0.00 -0.02 -0.01 0.03 -0.86 1.00 0.66 -0.01 -0.02 -0.01 -0.01 -0.00 0.01 0.03 0.04 0.03 -0.01 0.02 -0.00 0.01 -0.03 -0.01 0.04 0.02 0.03 0.03 0.00 -0.03 -0.00 0.00 0.01 -0.01 0.01 -1.00 0.00 -0.01 0.00 -0.00

0.29 0.28 0.12 0.19 0.03 -0.27 -0.56 0.66 1.00 0.08 0.32 0.14 0.13 0.04 -0.26 -0.30 -0.28 0.01 -0.00 -0.29 -0.01 0.00 0.30 0.26 -0.28 -0.19 -0.27 -0.27 0.00 0.30 -0.01 -0.09 0.70 0.03 0.71 -0.66 0.01 0.15 -0.00 -0.00

0.31 0.43 0.19 0.23 0.04 -0.32 0.02 -0.01 0.08 1.00 -0.02 -0.07 0.31 0.07 -0.43 -0.38 -0.30 0.18 -0.09 -0.43 -0.00 0.01 0.39 0.43 -0.30 -0.25 -0.31 -0.32 0.00 0.38 -0.00 -0.22 -0.02 -0.05 -0.00 0.00 0.00 0.34 -0.00 0.88

0.43 0.30 0.12 0.27 0.05 -0.38 0.01 -0.02 0.32 -0.02 1.00 0.70 0.21 0.06 -0.25 -0.40 -0.43 -0.14 0.07 -0.34 -0.00 0.00 0.39 0.25 -0.41 -0.25 -0.38 -0.38 0.00 0.40 -0.02 0.27 0.30 0.84 0.32 0.00 0.01 0.19 -0.01 -0.01

0.29 0.18 0.07 0.18 0.04 -0.25 0.00 -0.01 0.14 -0.07 0.70 1.00 0.55 0.15 -0.15 -0.27 -0.30 -0.12 0.07 -0.21 -0.00 -0.00 0.26 0.14 -0.28 -0.16 -0.26 -0.25 0.00 0.26 -0.01 0.83 0.14 0.39 0.10 0.00 0.01 0.51 -0.01 -0.01

0.56 0.78 0.33 0.42 0.10 -0.58 0.03 -0.01 0.13 0.31 0.21 0.55 1.00 0.21 -0.78 -0.68 -0.55 0.33 -0.16 -0.77 -0.00 -0.01 0.71 0.78 -0.54 -0.45 -0.56 -0.58 0.01 0.69 0.11 0.34 -0.02 -0.04 -0.04 0.00 -0.01 0.99 -0.01 -0.01

0.14 0.18 0.07 0.10 0.02 -0.14 0.00 -0.00 0.04 0.07 0.06 0.15 0.21 1.00 -0.17 -0.16 -0.14 0.06 -0.02 -0.18 -0.00 -0.00 0.17 0.17 -0.14 -0.10 -0.14 -0.14 -0.00 0.17 0.00 0.09 -0.00 -0.01 -0.00 -0.00 0.97 0.23 -0.01 -0.00

-0.67 -0.99 -0.42 -0.51 -0.11 0.71 -0.03 0.01 -0.26 -0.43 -0.25 -0.15 -0.78 -0.17 1.00 0.84 0.66 -0.46 0.22 0.97 0.00 0.00 -0.88 -1.00 0.65 0.57 0.68 0.71 -0.00 -0.85 0.01 0.25 -0.05 -0.16 -0.09 -0.00 -0.01 -0.81 0.01 0.00

-0.96 -0.91 -0.40 -0.65 -0.09 0.90 -0.02 0.03 -0.30 -0.38 -0.40 -0.27 -0.68 -0.16 0.84 1.00 0.96 0.02 -0.01 0.95 0.01 -0.04 -1.00 -0.82 0.93 0.64 0.89 0.90 -0.00 -1.00 0.01 0.23 -0.05 -0.16 -0.08 -0.01 -0.01 -0.75 0.01 0.00

-1.00 -0.75 -0.29 -0.63 -0.13 0.89 -0.02 0.04 -0.28 -0.30 -0.43 -0.30 -0.55 -0.14 0.66 0.96 1.00 0.26 -0.13 0.83 -0.00 0.01 -0.93 -0.64 0.96 0.60 0.90 0.90 -0.00 -0.95 0.00 0.19 -0.05 -0.14 -0.06 -0.01 -0.01 -0.62 0.00 0.00

-0.24 0.35 0.18 -0.06 0.00 0.29 0.02 0.03 0.01 0.18 -0.14 -0.12 0.33 0.06 -0.46 0.02 0.26 1.00 0.06 -0.25 -0.00 0.00 0.06 0.48 0.36 0.33 0.33 0.30 0.00 0.00 -0.00 -0.08 0.01 0.04 0.04 -0.00 0.00 0.29 -0.01 -0.00

0.12 -0.17 -0.09 0.03 -0.00 0.34 -0.01 -0.01 -0.00 -0.09 0.07 0.07 -0.16 -0.02 0.22 -0.01 -0.13 0.06 1.00 0.12 -0.00 -0.00 -0.03 -0.23 0.13 0.71 0.32 0.33 -0.00 -0.00 0.00 0.05 -0.00 -0.02 -0.02 0.00 0.00 -0.14 -0.00 0.00

-0.84 -0.99 -0.41 -0.59 -0.13 0.83 -0.03 0.02 -0.29 -0.43 -0.34 -0.21 -0.77 -0.18 0.97 0.95 0.83 -0.25 0.12 1.00 0.00 0.01 -0.97 -0.96 0.81 0.62 0.81 0.83 -0.00 -0.96 0.01 0.25 -0.06 -0.16 -0.09 -0.00 -0.01 -0.82 0.01 0.00

-0.01 -0.00 0.01 -0.77 -0.01 0.00 0.00 -0.00 -0.01 -0.00 -0.00 -0.00 -0.00 -0.00 0.00 0.01 -0.00 -0.00 -0.00 0.00 1.00 0.00 -0.00 -0.01 0.00 0.00 0.00 0.00 0.00 -0.00 0.00 0.00 -0.00 -0.00 -0.00 0.00 -0.00 -0.00 0.00 -0.00

-0.01 -0.00 0.75 -0.00 -0.99 0.00 -0.00 0.01 0.00 0.01 0.00 -0.00 -0.01 -0.00 0.00 -0.04 0.01 0.00 -0.00 0.01 0.00 1.00 -0.01 -0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.00 -0.00 0.00 0.00 0.00 -0.01 0.00 -0.01 -0.00 0.01

0.94 0.94 0.38 0.64 0.13 -0.89 0.03 -0.03 0.30 0.39 0.39 0.26 0.71 0.17 -0.88 -1.00 -0.93 0.06 -0.03 -0.97 -0.00 -0.01 1.00 0.87 -0.91 -0.64 -0.88 -0.89 0.00 1.00 -0.01 -0.24 0.05 0.16 0.09 0.01 0.01 0.77 -0.01 -0.00

0.65 0.99 0.42 0.50 0.11 -0.70 0.03 -0.01 0.26 0.43 0.25 0.14 0.78 0.17 -1.00 -0.82 -0.64 0.48 -0.23 -0.96 -0.01 -0.00 0.87 1.00 -0.63 -0.56 -0.66 -0.69 0.00 0.84 -0.01 -0.25 0.05 0.15 0.09 0.00 0.01 0.81 -0.01 -0.00

-0.96 -0.74 -0.29 -0.61 -0.12 0.97 -0.02 0.04 -0.28 -0.30 -0.41 -0.28 -0.54 -0.14 0.65 0.93 0.96 0.36 0.13 0.81 0.00 0.00 -0.91 -0.63 1.00 0.79 0.98 0.98 -0.00 -0.92 0.00 0.19 -0.04 -0.13 -0.06 -0.01 -0.01 -0.61 0.00 0.00

-0.60 -0.60 -0.25 -0.41 -0.08 0.90 -0.02 0.02 -0.19 -0.25 -0.25 -0.16 -0.45 -0.10 0.57 0.64 0.60 0.33 0.71 0.62 0.00 0.00 -0.64 -0.56 0.79 1.00 0.89 0.89 -0.01 -0.64 0.00 0.16 -0.03 -0.10 -0.05 -0.00 -0.00 -0.49 -0.00 0.00

-0.90 -0.76 -0.30 -0.58 -0.12 1.00 -0.02 0.03 -0.27 -0.31 -0.38 -0.26 -0.56 -0.14 0.68 0.89 0.90 0.33 0.32 0.81 0.00 0.00 -0.88 -0.66 0.98 0.89 1.00 1.00 -0.00 -0.89 0.00 0.19 -0.04 -0.13 -0.06 -0.01 -0.01 -0.62 0.00 0.00

-0.90 -0.78 -0.31 -0.59 -0.12 1.00 -0.02 0.03 -0.27 -0.32 -0.38 -0.25 -0.58 -0.14 0.71 0.90 0.90 0.30 0.33 0.83 0.00 0.00 -0.89 -0.69 0.98 0.89 1.00 1.00 -0.00 -0.90 0.00 0.20 -0.05 -0.14 -0.07 -0.01 -0.01 -0.64 0.00 0.00

0.00 0.00 0.51 -0.00 -0.00 -0.00 -0.00 0.00 0.00 0.00 0.00 0.00 0.01 -0.00 -0.00 -0.00 -0.00 0.00 -0.00 -0.00 0.00 0.00 0.00 0.00 -0.00 -0.01 -0.00 -0.00 1.00 0.00 0.00 0.00 -0.00 0.00 -0.00 -0.00 -0.00 0.01 -0.00 0.00

0.96 0.92 0.37 0.64 0.13 -0.90 0.03 -0.03 0.30 0.38 0.40 0.26 0.69 0.17 -0.85 -1.00 -0.95 0.00 -0.00 -0.96 -0.00 -0.01 1.00 0.84 -0.92 -0.64 -0.89 -0.90 0.00 1.00 -0.01 -0.23 0.05 0.16 0.08 0.01 0.01 0.76 -0.01 -0.00

-0.00 -0.01 -0.00 -0.00 0.00 0.00 0.00 -0.00 -0.01 -0.00 -0.02 -0.01 0.11 0.00 0.01 0.01 0.00 -0.00 0.00 0.01 0.00 -0.00 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 -0.01 1.00 0.00 0.00 0.01 -0.01 0.00 0.00 0.00 0.00 -0.00

-0.20 -0.25 -0.10 -0.14 -0.03 0.20 -0.01 0.00 -0.09 -0.22 0.27 0.83 0.34 0.09 0.25 0.23 0.19 -0.08 0.05 0.25 0.00 -0.00 -0.24 -0.25 0.19 0.16 0.19 0.20 0.00 -0.23 0.00 1.00 0.02 0.05 -0.05 0.00 0.00 0.27 -0.00 -0.00

0.05 0.06 0.02 0.03 0.01 -0.05 -0.01 0.01 0.70 -0.02 0.30 0.14 -0.02 -0.00 -0.05 -0.05 -0.05 0.01 -0.00 -0.06 -0.00 0.00 0.05 0.05 -0.04 -0.03 -0.04 -0.05 -0.00 0.05 0.00 0.02 1.00 -0.05 1.00 -0.01 0.00 -0.03 -0.00 -0.00

0.14 0.16 0.07 0.10 0.02 -0.14 0.01 -0.01 0.03 -0.05 0.84 0.39 -0.04 -0.01 -0.16 -0.16 -0.14 0.04 -0.02 -0.16 -0.00 0.00 0.16 0.15 -0.13 -0.10 -0.13 -0.14 0.00 0.16 0.01 0.05 -0.05 1.00 -0.00 0.01 -0.00 -0.07 -0.00 -0.01

0.07 0.09 0.04 0.05 0.01 -0.07 -0.01 0.01 0.71 -0.00 0.32 0.10 -0.04 -0.00 -0.09 -0.08 -0.06 0.04 -0.02 -0.09 -0.00 0.00 0.09 0.09 -0.06 -0.05 -0.06 -0.07 -0.00 0.08 -0.01 -0.05 1.00 -0.00 1.00 -0.01 0.01 -0.04 -0.00 -0.00

0.01 0.00 -0.00 0.00 0.01 -0.01 0.86 -1.00 -0.66 0.00 0.00 0.00 0.00 -0.00 -0.00 -0.01 -0.01 -0.00 0.00 -0.00 0.00 -0.01 0.01 0.00 -0.01 -0.00 -0.01 -0.01 -0.00 0.01 0.00 0.00 -0.01 0.01 -0.01 1.00 -0.00 0.00 -0.00 0.00

0.01 0.01 0.00 0.01 0.00 -0.01 -0.00 0.00 0.01 0.00 0.01 0.01 -0.01 0.97 -0.01 -0.01 -0.01 0.00 0.00 -0.01 -0.00 0.00 0.01 0.01 -0.01 -0.00 -0.01 -0.01 -0.00 0.01 0.00 0.00 0.00 -0.00 0.01 -0.00 1.00 0.01 -0.01 -0.00

0.63 0.82 0.34 0.46 0.10 -0.65 0.03 -0.01 0.15 0.34 0.19 0.51 0.99 0.23 -0.81 -0.75 -0.62 0.29 -0.14 -0.82 -0.00 -0.01 0.77 0.81 -0.61 -0.49 -0.62 -0.64 0.01 0.76 0.00 0.27 -0.03 -0.07 -0.04 0.00 0.01 1.00 -0.01 -0.00

-0.00 -0.01 -0.00 -0.00 -0.00 0.00 0.50 0.00 -0.00 -0.00 -0.01 -0.01 -0.01 -0.01 0.01 0.01 0.00 -0.01 -0.00 0.01 0.00 -0.00 -0.01 -0.01 0.00 -0.00 0.00 0.00 -0.00 -0.01 0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.01 -0.01 1.00 -0.00

-0.00 -0.00 0.01 0.00 -0.01 0.00 0.00 -0.00 -0.00 0.88 -0.01 -0.01 -0.01 -0.00 0.00 0.00 0.00 -0.00 0.00 0.00 -0.00 0.01 -0.00 -0.00 0.00 0.00 0.00 0.00 0.00 -0.00 -0.00 -0.00 -0.00 -0.01 -0.00 0.00 -0.00 -0.00 -0.00 1.00

°0.75

°0.50

°0.25

0.00

0.25

0.50

0.75

1.00

R
e(

ø
)

Im
(ø

)

gE 1
v d

gE 2
/g

E 1

gE 3
/g

E 1
g

v u p
§

gu 1
v u

gu 2
/g

u 1

gu 3
/g

u 1

gd 1
v d

gd 2
/g

d 1

gd 3
/g

d 1

gd 4
/g

d 1

gd 5
/g

d 1

si
n2

µ 1
2

si
n2

µ 2
3

si
n2

µ 1
3

±m
2

¢
m

2

± C
P

r e
µ

r µ
ø ¥ 1 ¥ 2

m
Ø
Ø ß

m
Ø

m
1

m
ø

J
C

P

µq 12 µq 23 µq 13

±q C
P

r u
c

r c
t

r d
s

r s
b

m
t

m
b

Re(ø )

Im(ø )

gE
1 vd

gE
2 /gE

1

gE
3 /gE

1
g vup

§

gu
1vu

gu
2/g

u
1

gu
3/g

u
1

gd
1vd

gd
2/g

d
1

gd
3/g

d
1

gd
4/g

d
1

gd
5/g

d
1

sin2 µ12

sin2 µ23

sin2 µ13

±m2

¢m2

±CP

reµ

rµø

¥1

¥2

mØØ

ß

mØ

m1

mø

JCP

µq
12

µq
23

µq
13

±q
CP

ruc

rct

rds

rsb

mt

mb

1.00 0.77 0.30 0.64 0.13 -0.89 0.02 -0.04 0.29 0.31 0.43 0.29 0.56 0.14 -0.67 -0.96 -1.00 -0.24 0.12 -0.84 -0.01 -0.01 0.94 0.65 -0.96 -0.60 -0.90 -0.90 0.00 0.96 -0.00 -0.20 0.05 0.14 0.07 0.01 0.01 0.63 -0.00 -0.00

0.77 1.00 0.42 0.56 0.12 -0.78 0.03 -0.01 0.28 0.43 0.30 0.18 0.78 0.18 -0.99 -0.91 -0.75 0.35 -0.17 -0.99 -0.00 -0.00 0.94 0.99 -0.74 -0.60 -0.76 -0.78 0.00 0.92 -0.01 -0.25 0.06 0.16 0.09 0.00 0.01 0.82 -0.01 -0.00

0.30 0.42 1.00 0.22 -0.70 -0.31 0.01 0.00 0.12 0.19 0.12 0.07 0.33 0.07 -0.42 -0.40 -0.29 0.18 -0.09 -0.41 0.01 0.75 0.38 0.42 -0.29 -0.25 -0.30 -0.31 0.51 0.37 -0.00 -0.10 0.02 0.07 0.04 -0.00 0.00 0.34 -0.00 0.01

0.64 0.56 0.22 1.00 0.09 -0.59 0.01 -0.02 0.19 0.23 0.27 0.18 0.42 0.10 -0.51 -0.65 -0.63 -0.06 0.03 -0.59 -0.77 -0.00 0.64 0.50 -0.61 -0.41 -0.58 -0.59 -0.00 0.64 -0.00 -0.14 0.03 0.10 0.05 0.00 0.01 0.46 -0.00 0.00

0.13 0.12 -0.70 0.09 1.00 -0.12 0.01 -0.01 0.03 0.04 0.05 0.04 0.10 0.02 -0.11 -0.09 -0.13 0.00 -0.00 -0.13 -0.01 -0.99 0.13 0.11 -0.12 -0.08 -0.12 -0.12 -0.00 0.13 0.00 -0.03 0.01 0.02 0.01 0.01 0.00 0.10 -0.00 -0.01

-0.89 -0.78 -0.31 -0.59 -0.12 1.00 -0.02 0.03 -0.27 -0.32 -0.38 -0.25 -0.58 -0.14 0.71 0.90 0.89 0.29 0.34 0.83 0.00 0.00 -0.89 -0.70 0.97 0.90 1.00 1.00 -0.00 -0.90 0.00 0.20 -0.05 -0.14 -0.07 -0.01 -0.01 -0.65 0.00 0.00

0.02 0.03 0.01 0.01 0.01 -0.02 1.00 -0.86 -0.56 0.02 0.01 0.00 0.03 0.00 -0.03 -0.02 -0.02 0.02 -0.01 -0.03 0.00 -0.00 0.03 0.03 -0.02 -0.02 -0.02 -0.02 -0.00 0.03 0.00 -0.01 -0.01 0.01 -0.01 0.86 -0.00 0.03 0.50 0.00

-0.04 -0.01 0.00 -0.02 -0.01 0.03 -0.86 1.00 0.66 -0.01 -0.02 -0.01 -0.01 -0.00 0.01 0.03 0.04 0.03 -0.01 0.02 -0.00 0.01 -0.03 -0.01 0.04 0.02 0.03 0.03 0.00 -0.03 -0.00 0.00 0.01 -0.01 0.01 -1.00 0.00 -0.01 0.00 -0.00

0.29 0.28 0.12 0.19 0.03 -0.27 -0.56 0.66 1.00 0.08 0.32 0.14 0.13 0.04 -0.26 -0.30 -0.28 0.01 -0.00 -0.29 -0.01 0.00 0.30 0.26 -0.28 -0.19 -0.27 -0.27 0.00 0.30 -0.01 -0.09 0.70 0.03 0.71 -0.66 0.01 0.15 -0.00 -0.00

0.31 0.43 0.19 0.23 0.04 -0.32 0.02 -0.01 0.08 1.00 -0.02 -0.07 0.31 0.07 -0.43 -0.38 -0.30 0.18 -0.09 -0.43 -0.00 0.01 0.39 0.43 -0.30 -0.25 -0.31 -0.32 0.00 0.38 -0.00 -0.22 -0.02 -0.05 -0.00 0.00 0.00 0.34 -0.00 0.88

0.43 0.30 0.12 0.27 0.05 -0.38 0.01 -0.02 0.32 -0.02 1.00 0.70 0.21 0.06 -0.25 -0.40 -0.43 -0.14 0.07 -0.34 -0.00 0.00 0.39 0.25 -0.41 -0.25 -0.38 -0.38 0.00 0.40 -0.02 0.27 0.30 0.84 0.32 0.00 0.01 0.19 -0.01 -0.01

0.29 0.18 0.07 0.18 0.04 -0.25 0.00 -0.01 0.14 -0.07 0.70 1.00 0.55 0.15 -0.15 -0.27 -0.30 -0.12 0.07 -0.21 -0.00 -0.00 0.26 0.14 -0.28 -0.16 -0.26 -0.25 0.00 0.26 -0.01 0.83 0.14 0.39 0.10 0.00 0.01 0.51 -0.01 -0.01

0.56 0.78 0.33 0.42 0.10 -0.58 0.03 -0.01 0.13 0.31 0.21 0.55 1.00 0.21 -0.78 -0.68 -0.55 0.33 -0.16 -0.77 -0.00 -0.01 0.71 0.78 -0.54 -0.45 -0.56 -0.58 0.01 0.69 0.11 0.34 -0.02 -0.04 -0.04 0.00 -0.01 0.99 -0.01 -0.01

0.14 0.18 0.07 0.10 0.02 -0.14 0.00 -0.00 0.04 0.07 0.06 0.15 0.21 1.00 -0.17 -0.16 -0.14 0.06 -0.02 -0.18 -0.00 -0.00 0.17 0.17 -0.14 -0.10 -0.14 -0.14 -0.00 0.17 0.00 0.09 -0.00 -0.01 -0.00 -0.00 0.97 0.23 -0.01 -0.00

-0.67 -0.99 -0.42 -0.51 -0.11 0.71 -0.03 0.01 -0.26 -0.43 -0.25 -0.15 -0.78 -0.17 1.00 0.84 0.66 -0.46 0.22 0.97 0.00 0.00 -0.88 -1.00 0.65 0.57 0.68 0.71 -0.00 -0.85 0.01 0.25 -0.05 -0.16 -0.09 -0.00 -0.01 -0.81 0.01 0.00

-0.96 -0.91 -0.40 -0.65 -0.09 0.90 -0.02 0.03 -0.30 -0.38 -0.40 -0.27 -0.68 -0.16 0.84 1.00 0.96 0.02 -0.01 0.95 0.01 -0.04 -1.00 -0.82 0.93 0.64 0.89 0.90 -0.00 -1.00 0.01 0.23 -0.05 -0.16 -0.08 -0.01 -0.01 -0.75 0.01 0.00

-1.00 -0.75 -0.29 -0.63 -0.13 0.89 -0.02 0.04 -0.28 -0.30 -0.43 -0.30 -0.55 -0.14 0.66 0.96 1.00 0.26 -0.13 0.83 -0.00 0.01 -0.93 -0.64 0.96 0.60 0.90 0.90 -0.00 -0.95 0.00 0.19 -0.05 -0.14 -0.06 -0.01 -0.01 -0.62 0.00 0.00

-0.24 0.35 0.18 -0.06 0.00 0.29 0.02 0.03 0.01 0.18 -0.14 -0.12 0.33 0.06 -0.46 0.02 0.26 1.00 0.06 -0.25 -0.00 0.00 0.06 0.48 0.36 0.33 0.33 0.30 0.00 0.00 -0.00 -0.08 0.01 0.04 0.04 -0.00 0.00 0.29 -0.01 -0.00

0.12 -0.17 -0.09 0.03 -0.00 0.34 -0.01 -0.01 -0.00 -0.09 0.07 0.07 -0.16 -0.02 0.22 -0.01 -0.13 0.06 1.00 0.12 -0.00 -0.00 -0.03 -0.23 0.13 0.71 0.32 0.33 -0.00 -0.00 0.00 0.05 -0.00 -0.02 -0.02 0.00 0.00 -0.14 -0.00 0.00

-0.84 -0.99 -0.41 -0.59 -0.13 0.83 -0.03 0.02 -0.29 -0.43 -0.34 -0.21 -0.77 -0.18 0.97 0.95 0.83 -0.25 0.12 1.00 0.00 0.01 -0.97 -0.96 0.81 0.62 0.81 0.83 -0.00 -0.96 0.01 0.25 -0.06 -0.16 -0.09 -0.00 -0.01 -0.82 0.01 0.00

-0.01 -0.00 0.01 -0.77 -0.01 0.00 0.00 -0.00 -0.01 -0.00 -0.00 -0.00 -0.00 -0.00 0.00 0.01 -0.00 -0.00 -0.00 0.00 1.00 0.00 -0.00 -0.01 0.00 0.00 0.00 0.00 0.00 -0.00 0.00 0.00 -0.00 -0.00 -0.00 0.00 -0.00 -0.00 0.00 -0.00

-0.01 -0.00 0.75 -0.00 -0.99 0.00 -0.00 0.01 0.00 0.01 0.00 -0.00 -0.01 -0.00 0.00 -0.04 0.01 0.00 -0.00 0.01 0.00 1.00 -0.01 -0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.00 -0.00 0.00 0.00 0.00 -0.01 0.00 -0.01 -0.00 0.01

0.94 0.94 0.38 0.64 0.13 -0.89 0.03 -0.03 0.30 0.39 0.39 0.26 0.71 0.17 -0.88 -1.00 -0.93 0.06 -0.03 -0.97 -0.00 -0.01 1.00 0.87 -0.91 -0.64 -0.88 -0.89 0.00 1.00 -0.01 -0.24 0.05 0.16 0.09 0.01 0.01 0.77 -0.01 -0.00

0.65 0.99 0.42 0.50 0.11 -0.70 0.03 -0.01 0.26 0.43 0.25 0.14 0.78 0.17 -1.00 -0.82 -0.64 0.48 -0.23 -0.96 -0.01 -0.00 0.87 1.00 -0.63 -0.56 -0.66 -0.69 0.00 0.84 -0.01 -0.25 0.05 0.15 0.09 0.00 0.01 0.81 -0.01 -0.00

-0.96 -0.74 -0.29 -0.61 -0.12 0.97 -0.02 0.04 -0.28 -0.30 -0.41 -0.28 -0.54 -0.14 0.65 0.93 0.96 0.36 0.13 0.81 0.00 0.00 -0.91 -0.63 1.00 0.79 0.98 0.98 -0.00 -0.92 0.00 0.19 -0.04 -0.13 -0.06 -0.01 -0.01 -0.61 0.00 0.00

-0.60 -0.60 -0.25 -0.41 -0.08 0.90 -0.02 0.02 -0.19 -0.25 -0.25 -0.16 -0.45 -0.10 0.57 0.64 0.60 0.33 0.71 0.62 0.00 0.00 -0.64 -0.56 0.79 1.00 0.89 0.89 -0.01 -0.64 0.00 0.16 -0.03 -0.10 -0.05 -0.00 -0.00 -0.49 -0.00 0.00

-0.90 -0.76 -0.30 -0.58 -0.12 1.00 -0.02 0.03 -0.27 -0.31 -0.38 -0.26 -0.56 -0.14 0.68 0.89 0.90 0.33 0.32 0.81 0.00 0.00 -0.88 -0.66 0.98 0.89 1.00 1.00 -0.00 -0.89 0.00 0.19 -0.04 -0.13 -0.06 -0.01 -0.01 -0.62 0.00 0.00

-0.90 -0.78 -0.31 -0.59 -0.12 1.00 -0.02 0.03 -0.27 -0.32 -0.38 -0.25 -0.58 -0.14 0.71 0.90 0.90 0.30 0.33 0.83 0.00 0.00 -0.89 -0.69 0.98 0.89 1.00 1.00 -0.00 -0.90 0.00 0.20 -0.05 -0.14 -0.07 -0.01 -0.01 -0.64 0.00 0.00

0.00 0.00 0.51 -0.00 -0.00 -0.00 -0.00 0.00 0.00 0.00 0.00 0.00 0.01 -0.00 -0.00 -0.00 -0.00 0.00 -0.00 -0.00 0.00 0.00 0.00 0.00 -0.00 -0.01 -0.00 -0.00 1.00 0.00 0.00 0.00 -0.00 0.00 -0.00 -0.00 -0.00 0.01 -0.00 0.00

0.96 0.92 0.37 0.64 0.13 -0.90 0.03 -0.03 0.30 0.38 0.40 0.26 0.69 0.17 -0.85 -1.00 -0.95 0.00 -0.00 -0.96 -0.00 -0.01 1.00 0.84 -0.92 -0.64 -0.89 -0.90 0.00 1.00 -0.01 -0.23 0.05 0.16 0.08 0.01 0.01 0.76 -0.01 -0.00

-0.00 -0.01 -0.00 -0.00 0.00 0.00 0.00 -0.00 -0.01 -0.00 -0.02 -0.01 0.11 0.00 0.01 0.01 0.00 -0.00 0.00 0.01 0.00 -0.00 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 -0.01 1.00 0.00 0.00 0.01 -0.01 0.00 0.00 0.00 0.00 -0.00

-0.20 -0.25 -0.10 -0.14 -0.03 0.20 -0.01 0.00 -0.09 -0.22 0.27 0.83 0.34 0.09 0.25 0.23 0.19 -0.08 0.05 0.25 0.00 -0.00 -0.24 -0.25 0.19 0.16 0.19 0.20 0.00 -0.23 0.00 1.00 0.02 0.05 -0.05 0.00 0.00 0.27 -0.00 -0.00

0.05 0.06 0.02 0.03 0.01 -0.05 -0.01 0.01 0.70 -0.02 0.30 0.14 -0.02 -0.00 -0.05 -0.05 -0.05 0.01 -0.00 -0.06 -0.00 0.00 0.05 0.05 -0.04 -0.03 -0.04 -0.05 -0.00 0.05 0.00 0.02 1.00 -0.05 1.00 -0.01 0.00 -0.03 -0.00 -0.00

0.14 0.16 0.07 0.10 0.02 -0.14 0.01 -0.01 0.03 -0.05 0.84 0.39 -0.04 -0.01 -0.16 -0.16 -0.14 0.04 -0.02 -0.16 -0.00 0.00 0.16 0.15 -0.13 -0.10 -0.13 -0.14 0.00 0.16 0.01 0.05 -0.05 1.00 -0.00 0.01 -0.00 -0.07 -0.00 -0.01

0.07 0.09 0.04 0.05 0.01 -0.07 -0.01 0.01 0.71 -0.00 0.32 0.10 -0.04 -0.00 -0.09 -0.08 -0.06 0.04 -0.02 -0.09 -0.00 0.00 0.09 0.09 -0.06 -0.05 -0.06 -0.07 -0.00 0.08 -0.01 -0.05 1.00 -0.00 1.00 -0.01 0.01 -0.04 -0.00 -0.00

0.01 0.00 -0.00 0.00 0.01 -0.01 0.86 -1.00 -0.66 0.00 0.00 0.00 0.00 -0.00 -0.00 -0.01 -0.01 -0.00 0.00 -0.00 0.00 -0.01 0.01 0.00 -0.01 -0.00 -0.01 -0.01 -0.00 0.01 0.00 0.00 -0.01 0.01 -0.01 1.00 -0.00 0.00 -0.00 0.00

0.01 0.01 0.00 0.01 0.00 -0.01 -0.00 0.00 0.01 0.00 0.01 0.01 -0.01 0.97 -0.01 -0.01 -0.01 0.00 0.00 -0.01 -0.00 0.00 0.01 0.01 -0.01 -0.00 -0.01 -0.01 -0.00 0.01 0.00 0.00 0.00 -0.00 0.01 -0.00 1.00 0.01 -0.01 -0.00

0.63 0.82 0.34 0.46 0.10 -0.65 0.03 -0.01 0.15 0.34 0.19 0.51 0.99 0.23 -0.81 -0.75 -0.62 0.29 -0.14 -0.82 -0.00 -0.01 0.77 0.81 -0.61 -0.49 -0.62 -0.64 0.01 0.76 0.00 0.27 -0.03 -0.07 -0.04 0.00 0.01 1.00 -0.01 -0.00

-0.00 -0.01 -0.00 -0.00 -0.00 0.00 0.50 0.00 -0.00 -0.00 -0.01 -0.01 -0.01 -0.01 0.01 0.01 0.00 -0.01 -0.00 0.01 0.00 -0.00 -0.01 -0.01 0.00 -0.00 0.00 0.00 -0.00 -0.01 0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.01 -0.01 1.00 -0.00

-0.00 -0.00 0.01 0.00 -0.01 0.00 0.00 -0.00 -0.00 0.88 -0.01 -0.01 -0.01 -0.00 0.00 0.00 0.00 -0.00 0.00 0.00 -0.00 0.01 -0.00 -0.00 0.00 0.00 0.00 0.00 0.00 -0.00 -0.00 -0.00 -0.00 -0.01 -0.00 0.00 -0.00 -0.00 -0.00 1.00

°0.75

°0.50

°0.25

0.00

0.25

0.50

0.75

1.00

R
e(

ø
)

Im
(ø

)

gE 1
v d

gE 2
/g

E 1

gE 3
/g

E 1
g

v u p
§

gu 1
v u

gu 2
/g

u 1

gu 3
/g

u 1

gd 1
v d

gd 2
/g

d 1

gd 3
/g

d 1

gd 4
/g

d 1

gd 5
/g

d 1

si
n2

µ 1
2

si
n2

µ 2
3

si
n2

µ 1
3

±m
2

¢
m

2

± C
P

r e
µ

r µ
ø ¥ 1 ¥ 2

m
Ø
Ø ß

m
Ø

m
1

m
ø

J
C

P

µq 12 µq 23 µq 13

±q C
P

r u
c

r c
t

r d
s

r s
b

m
t

m
b

Re(ø )

Im(ø )

gE
1 vd

gE
2 /gE

1

gE
3 /gE

1
g vup

§

gu
1vu

gu
2/g

u
1

gu
3/g

u
1

gd
1vd

gd
2/g

d
1

gd
3/g

d
1

gd
4/g

d
1

gd
5/g

d
1

sin2 µ12

sin2 µ23

sin2 µ13

±m2

¢m2

±CP

reµ

rµø

¥1

¥2

mØØ

ß

mØ

m1

mø

JCP

µq
12

µq
23

µq
13

±q
CP

ruc

rct

rds

rsb

mt

mb

1.00 0.77 0.30 0.64 0.13 -0.89 0.02 -0.04 0.29 0.31 0.43 0.29 0.56 0.14 -0.67 -0.96 -1.00 -0.24 0.12 -0.84 -0.01 -0.01 0.94 0.65 -0.96 -0.60 -0.90 -0.90 0.00 0.96 -0.00 -0.20 0.05 0.14 0.07 0.01 0.01 0.63 -0.00 -0.00

0.77 1.00 0.42 0.56 0.12 -0.78 0.03 -0.01 0.28 0.43 0.30 0.18 0.78 0.18 -0.99 -0.91 -0.75 0.35 -0.17 -0.99 -0.00 -0.00 0.94 0.99 -0.74 -0.60 -0.76 -0.78 0.00 0.92 -0.01 -0.25 0.06 0.16 0.09 0.00 0.01 0.82 -0.01 -0.00

0.30 0.42 1.00 0.22 -0.70 -0.31 0.01 0.00 0.12 0.19 0.12 0.07 0.33 0.07 -0.42 -0.40 -0.29 0.18 -0.09 -0.41 0.01 0.75 0.38 0.42 -0.29 -0.25 -0.30 -0.31 0.51 0.37 -0.00 -0.10 0.02 0.07 0.04 -0.00 0.00 0.34 -0.00 0.01

0.64 0.56 0.22 1.00 0.09 -0.59 0.01 -0.02 0.19 0.23 0.27 0.18 0.42 0.10 -0.51 -0.65 -0.63 -0.06 0.03 -0.59 -0.77 -0.00 0.64 0.50 -0.61 -0.41 -0.58 -0.59 -0.00 0.64 -0.00 -0.14 0.03 0.10 0.05 0.00 0.01 0.46 -0.00 0.00

0.13 0.12 -0.70 0.09 1.00 -0.12 0.01 -0.01 0.03 0.04 0.05 0.04 0.10 0.02 -0.11 -0.09 -0.13 0.00 -0.00 -0.13 -0.01 -0.99 0.13 0.11 -0.12 -0.08 -0.12 -0.12 -0.00 0.13 0.00 -0.03 0.01 0.02 0.01 0.01 0.00 0.10 -0.00 -0.01

-0.89 -0.78 -0.31 -0.59 -0.12 1.00 -0.02 0.03 -0.27 -0.32 -0.38 -0.25 -0.58 -0.14 0.71 0.90 0.89 0.29 0.34 0.83 0.00 0.00 -0.89 -0.70 0.97 0.90 1.00 1.00 -0.00 -0.90 0.00 0.20 -0.05 -0.14 -0.07 -0.01 -0.01 -0.65 0.00 0.00

0.02 0.03 0.01 0.01 0.01 -0.02 1.00 -0.86 -0.56 0.02 0.01 0.00 0.03 0.00 -0.03 -0.02 -0.02 0.02 -0.01 -0.03 0.00 -0.00 0.03 0.03 -0.02 -0.02 -0.02 -0.02 -0.00 0.03 0.00 -0.01 -0.01 0.01 -0.01 0.86 -0.00 0.03 0.50 0.00

-0.04 -0.01 0.00 -0.02 -0.01 0.03 -0.86 1.00 0.66 -0.01 -0.02 -0.01 -0.01 -0.00 0.01 0.03 0.04 0.03 -0.01 0.02 -0.00 0.01 -0.03 -0.01 0.04 0.02 0.03 0.03 0.00 -0.03 -0.00 0.00 0.01 -0.01 0.01 -1.00 0.00 -0.01 0.00 -0.00

0.29 0.28 0.12 0.19 0.03 -0.27 -0.56 0.66 1.00 0.08 0.32 0.14 0.13 0.04 -0.26 -0.30 -0.28 0.01 -0.00 -0.29 -0.01 0.00 0.30 0.26 -0.28 -0.19 -0.27 -0.27 0.00 0.30 -0.01 -0.09 0.70 0.03 0.71 -0.66 0.01 0.15 -0.00 -0.00

0.31 0.43 0.19 0.23 0.04 -0.32 0.02 -0.01 0.08 1.00 -0.02 -0.07 0.31 0.07 -0.43 -0.38 -0.30 0.18 -0.09 -0.43 -0.00 0.01 0.39 0.43 -0.30 -0.25 -0.31 -0.32 0.00 0.38 -0.00 -0.22 -0.02 -0.05 -0.00 0.00 0.00 0.34 -0.00 0.88

0.43 0.30 0.12 0.27 0.05 -0.38 0.01 -0.02 0.32 -0.02 1.00 0.70 0.21 0.06 -0.25 -0.40 -0.43 -0.14 0.07 -0.34 -0.00 0.00 0.39 0.25 -0.41 -0.25 -0.38 -0.38 0.00 0.40 -0.02 0.27 0.30 0.84 0.32 0.00 0.01 0.19 -0.01 -0.01

0.29 0.18 0.07 0.18 0.04 -0.25 0.00 -0.01 0.14 -0.07 0.70 1.00 0.55 0.15 -0.15 -0.27 -0.30 -0.12 0.07 -0.21 -0.00 -0.00 0.26 0.14 -0.28 -0.16 -0.26 -0.25 0.00 0.26 -0.01 0.83 0.14 0.39 0.10 0.00 0.01 0.51 -0.01 -0.01

0.56 0.78 0.33 0.42 0.10 -0.58 0.03 -0.01 0.13 0.31 0.21 0.55 1.00 0.21 -0.78 -0.68 -0.55 0.33 -0.16 -0.77 -0.00 -0.01 0.71 0.78 -0.54 -0.45 -0.56 -0.58 0.01 0.69 0.11 0.34 -0.02 -0.04 -0.04 0.00 -0.01 0.99 -0.01 -0.01

0.14 0.18 0.07 0.10 0.02 -0.14 0.00 -0.00 0.04 0.07 0.06 0.15 0.21 1.00 -0.17 -0.16 -0.14 0.06 -0.02 -0.18 -0.00 -0.00 0.17 0.17 -0.14 -0.10 -0.14 -0.14 -0.00 0.17 0.00 0.09 -0.00 -0.01 -0.00 -0.00 0.97 0.23 -0.01 -0.00

-0.67 -0.99 -0.42 -0.51 -0.11 0.71 -0.03 0.01 -0.26 -0.43 -0.25 -0.15 -0.78 -0.17 1.00 0.84 0.66 -0.46 0.22 0.97 0.00 0.00 -0.88 -1.00 0.65 0.57 0.68 0.71 -0.00 -0.85 0.01 0.25 -0.05 -0.16 -0.09 -0.00 -0.01 -0.81 0.01 0.00

-0.96 -0.91 -0.40 -0.65 -0.09 0.90 -0.02 0.03 -0.30 -0.38 -0.40 -0.27 -0.68 -0.16 0.84 1.00 0.96 0.02 -0.01 0.95 0.01 -0.04 -1.00 -0.82 0.93 0.64 0.89 0.90 -0.00 -1.00 0.01 0.23 -0.05 -0.16 -0.08 -0.01 -0.01 -0.75 0.01 0.00

-1.00 -0.75 -0.29 -0.63 -0.13 0.89 -0.02 0.04 -0.28 -0.30 -0.43 -0.30 -0.55 -0.14 0.66 0.96 1.00 0.26 -0.13 0.83 -0.00 0.01 -0.93 -0.64 0.96 0.60 0.90 0.90 -0.00 -0.95 0.00 0.19 -0.05 -0.14 -0.06 -0.01 -0.01 -0.62 0.00 0.00

-0.24 0.35 0.18 -0.06 0.00 0.29 0.02 0.03 0.01 0.18 -0.14 -0.12 0.33 0.06 -0.46 0.02 0.26 1.00 0.06 -0.25 -0.00 0.00 0.06 0.48 0.36 0.33 0.33 0.30 0.00 0.00 -0.00 -0.08 0.01 0.04 0.04 -0.00 0.00 0.29 -0.01 -0.00

0.12 -0.17 -0.09 0.03 -0.00 0.34 -0.01 -0.01 -0.00 -0.09 0.07 0.07 -0.16 -0.02 0.22 -0.01 -0.13 0.06 1.00 0.12 -0.00 -0.00 -0.03 -0.23 0.13 0.71 0.32 0.33 -0.00 -0.00 0.00 0.05 -0.00 -0.02 -0.02 0.00 0.00 -0.14 -0.00 0.00

-0.84 -0.99 -0.41 -0.59 -0.13 0.83 -0.03 0.02 -0.29 -0.43 -0.34 -0.21 -0.77 -0.18 0.97 0.95 0.83 -0.25 0.12 1.00 0.00 0.01 -0.97 -0.96 0.81 0.62 0.81 0.83 -0.00 -0.96 0.01 0.25 -0.06 -0.16 -0.09 -0.00 -0.01 -0.82 0.01 0.00

-0.01 -0.00 0.01 -0.77 -0.01 0.00 0.00 -0.00 -0.01 -0.00 -0.00 -0.00 -0.00 -0.00 0.00 0.01 -0.00 -0.00 -0.00 0.00 1.00 0.00 -0.00 -0.01 0.00 0.00 0.00 0.00 0.00 -0.00 0.00 0.00 -0.00 -0.00 -0.00 0.00 -0.00 -0.00 0.00 -0.00

-0.01 -0.00 0.75 -0.00 -0.99 0.00 -0.00 0.01 0.00 0.01 0.00 -0.00 -0.01 -0.00 0.00 -0.04 0.01 0.00 -0.00 0.01 0.00 1.00 -0.01 -0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.00 -0.00 0.00 0.00 0.00 -0.01 0.00 -0.01 -0.00 0.01

0.94 0.94 0.38 0.64 0.13 -0.89 0.03 -0.03 0.30 0.39 0.39 0.26 0.71 0.17 -0.88 -1.00 -0.93 0.06 -0.03 -0.97 -0.00 -0.01 1.00 0.87 -0.91 -0.64 -0.88 -0.89 0.00 1.00 -0.01 -0.24 0.05 0.16 0.09 0.01 0.01 0.77 -0.01 -0.00

0.65 0.99 0.42 0.50 0.11 -0.70 0.03 -0.01 0.26 0.43 0.25 0.14 0.78 0.17 -1.00 -0.82 -0.64 0.48 -0.23 -0.96 -0.01 -0.00 0.87 1.00 -0.63 -0.56 -0.66 -0.69 0.00 0.84 -0.01 -0.25 0.05 0.15 0.09 0.00 0.01 0.81 -0.01 -0.00

-0.96 -0.74 -0.29 -0.61 -0.12 0.97 -0.02 0.04 -0.28 -0.30 -0.41 -0.28 -0.54 -0.14 0.65 0.93 0.96 0.36 0.13 0.81 0.00 0.00 -0.91 -0.63 1.00 0.79 0.98 0.98 -0.00 -0.92 0.00 0.19 -0.04 -0.13 -0.06 -0.01 -0.01 -0.61 0.00 0.00

-0.60 -0.60 -0.25 -0.41 -0.08 0.90 -0.02 0.02 -0.19 -0.25 -0.25 -0.16 -0.45 -0.10 0.57 0.64 0.60 0.33 0.71 0.62 0.00 0.00 -0.64 -0.56 0.79 1.00 0.89 0.89 -0.01 -0.64 0.00 0.16 -0.03 -0.10 -0.05 -0.00 -0.00 -0.49 -0.00 0.00

-0.90 -0.76 -0.30 -0.58 -0.12 1.00 -0.02 0.03 -0.27 -0.31 -0.38 -0.26 -0.56 -0.14 0.68 0.89 0.90 0.33 0.32 0.81 0.00 0.00 -0.88 -0.66 0.98 0.89 1.00 1.00 -0.00 -0.89 0.00 0.19 -0.04 -0.13 -0.06 -0.01 -0.01 -0.62 0.00 0.00

-0.90 -0.78 -0.31 -0.59 -0.12 1.00 -0.02 0.03 -0.27 -0.32 -0.38 -0.25 -0.58 -0.14 0.71 0.90 0.90 0.30 0.33 0.83 0.00 0.00 -0.89 -0.69 0.98 0.89 1.00 1.00 -0.00 -0.90 0.00 0.20 -0.05 -0.14 -0.07 -0.01 -0.01 -0.64 0.00 0.00

0.00 0.00 0.51 -0.00 -0.00 -0.00 -0.00 0.00 0.00 0.00 0.00 0.00 0.01 -0.00 -0.00 -0.00 -0.00 0.00 -0.00 -0.00 0.00 0.00 0.00 0.00 -0.00 -0.01 -0.00 -0.00 1.00 0.00 0.00 0.00 -0.00 0.00 -0.00 -0.00 -0.00 0.01 -0.00 0.00

0.96 0.92 0.37 0.64 0.13 -0.90 0.03 -0.03 0.30 0.38 0.40 0.26 0.69 0.17 -0.85 -1.00 -0.95 0.00 -0.00 -0.96 -0.00 -0.01 1.00 0.84 -0.92 -0.64 -0.89 -0.90 0.00 1.00 -0.01 -0.23 0.05 0.16 0.08 0.01 0.01 0.76 -0.01 -0.00

-0.00 -0.01 -0.00 -0.00 0.00 0.00 0.00 -0.00 -0.01 -0.00 -0.02 -0.01 0.11 0.00 0.01 0.01 0.00 -0.00 0.00 0.01 0.00 -0.00 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 -0.01 1.00 0.00 0.00 0.01 -0.01 0.00 0.00 0.00 0.00 -0.00

-0.20 -0.25 -0.10 -0.14 -0.03 0.20 -0.01 0.00 -0.09 -0.22 0.27 0.83 0.34 0.09 0.25 0.23 0.19 -0.08 0.05 0.25 0.00 -0.00 -0.24 -0.25 0.19 0.16 0.19 0.20 0.00 -0.23 0.00 1.00 0.02 0.05 -0.05 0.00 0.00 0.27 -0.00 -0.00

0.05 0.06 0.02 0.03 0.01 -0.05 -0.01 0.01 0.70 -0.02 0.30 0.14 -0.02 -0.00 -0.05 -0.05 -0.05 0.01 -0.00 -0.06 -0.00 0.00 0.05 0.05 -0.04 -0.03 -0.04 -0.05 -0.00 0.05 0.00 0.02 1.00 -0.05 1.00 -0.01 0.00 -0.03 -0.00 -0.00

0.14 0.16 0.07 0.10 0.02 -0.14 0.01 -0.01 0.03 -0.05 0.84 0.39 -0.04 -0.01 -0.16 -0.16 -0.14 0.04 -0.02 -0.16 -0.00 0.00 0.16 0.15 -0.13 -0.10 -0.13 -0.14 0.00 0.16 0.01 0.05 -0.05 1.00 -0.00 0.01 -0.00 -0.07 -0.00 -0.01

0.07 0.09 0.04 0.05 0.01 -0.07 -0.01 0.01 0.71 -0.00 0.32 0.10 -0.04 -0.00 -0.09 -0.08 -0.06 0.04 -0.02 -0.09 -0.00 0.00 0.09 0.09 -0.06 -0.05 -0.06 -0.07 -0.00 0.08 -0.01 -0.05 1.00 -0.00 1.00 -0.01 0.01 -0.04 -0.00 -0.00

0.01 0.00 -0.00 0.00 0.01 -0.01 0.86 -1.00 -0.66 0.00 0.00 0.00 0.00 -0.00 -0.00 -0.01 -0.01 -0.00 0.00 -0.00 0.00 -0.01 0.01 0.00 -0.01 -0.00 -0.01 -0.01 -0.00 0.01 0.00 0.00 -0.01 0.01 -0.01 1.00 -0.00 0.00 -0.00 0.00

0.01 0.01 0.00 0.01 0.00 -0.01 -0.00 0.00 0.01 0.00 0.01 0.01 -0.01 0.97 -0.01 -0.01 -0.01 0.00 0.00 -0.01 -0.00 0.00 0.01 0.01 -0.01 -0.00 -0.01 -0.01 -0.00 0.01 0.00 0.00 0.00 -0.00 0.01 -0.00 1.00 0.01 -0.01 -0.00

0.63 0.82 0.34 0.46 0.10 -0.65 0.03 -0.01 0.15 0.34 0.19 0.51 0.99 0.23 -0.81 -0.75 -0.62 0.29 -0.14 -0.82 -0.00 -0.01 0.77 0.81 -0.61 -0.49 -0.62 -0.64 0.01 0.76 0.00 0.27 -0.03 -0.07 -0.04 0.00 0.01 1.00 -0.01 -0.00

-0.00 -0.01 -0.00 -0.00 -0.00 0.00 0.50 0.00 -0.00 -0.00 -0.01 -0.01 -0.01 -0.01 0.01 0.01 0.00 -0.01 -0.00 0.01 0.00 -0.00 -0.01 -0.01 0.00 -0.00 0.00 0.00 -0.00 -0.01 0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.01 -0.01 1.00 -0.00

-0.00 -0.00 0.01 0.00 -0.01 0.00 0.00 -0.00 -0.00 0.88 -0.01 -0.01 -0.01 -0.00 0.00 0.00 0.00 -0.00 0.00 0.00 -0.00 0.01 -0.00 -0.00 0.00 0.00 0.00 0.00 0.00 -0.00 -0.00 -0.00 -0.00 -0.01 -0.00 0.00 -0.00 -0.00 -0.00 1.00

°0.75

°0.50

°0.25

0.00

0.25

0.50

0.75

1.00

Example of correlations

    and  are, indeed the most (anti)correlated 

parameters among the two different sectors

gd
4

gd
1

gvu

Λ



13

We can directly verify the correlation among  
quark and lepton parameters
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Example of correlations

We trace back their anti correlation going back to their 
correlation to the real and imaginary parts of τ

    and  are, indeed the most (anti)correlated 

parameters among the two different sectors
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Correlation Parameters - Observables
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All neutrino observables are positively 

correlated to , (in particular  

and the other two mixing angles)
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correlated to , (in particular  

and the other two mixing angles)
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The quark parameter most correlated 

to quark observables is 
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Correlation Parameters - Observables

We can presume the presence of a significative anticorrelation between  and all neutrino mixing angles rsb
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Correlations between quark and lepton observables
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Significative anticorrelation between  and rsb sin2 θ12, sin2 θ23, sin2 θ13, δCP
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Correlations between quark and lepton observables
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Significative anticorrelation between  and rsb sin2 θ12, sin2 θ23, sin2 θ13, δCP

The existence of correlations of this type among lepton and quark observables may 
be a strong indication in favor of modular flavour symmetry in particle physics
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Quarks and leptons

Going back to the results of the fit 
we understand how the  tension 
on the values of  predicted by 
the model (0.344) and the measured 
one (0.303) induces a new tension 
on  in the combined fit

3σ
sin2 θ12

rsb

Overestimating  at  causes 
an underestimation of  at 

sin2 θ12 3σ
rsb ∼ 2.7σ

Correlations between quark and lepton observables
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Combined Analysis: Quark and lepton observables studied together in modular symmetry-based flavor model

Successfully describes quark masses, CKM mixing angles, and lepton flavor data.

The model, based on the 2O group, describes 22 observables with 14 real parameters, including a single complex modulus

Tensions with data:  at  from the experimental value  JUNO and 
other experiments will critically test predictions, especially 

sin2 θ12, rsb ∼ 3σ →
sin2 θ12

Modular symmetries offer a unified and predictive framework, 
possibly setting the stage for advancing our understanding of flavor 
physics

Predictive Power

Experimental Predictions for , the Majorana phases, δCP m1, Σ, mββ, mβ

Correlations between quark and lepton observables
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 not included as input since the 
measurement still not robust
δCP

The model predicts , to be compared 
to  preferred by global analyses

δCP ∼ − 0.64π
δCP ∼ − π/2

 a factor  below the KATRIN upper limit, 
 eV at 90% C.L. (talk by M. Schlösser @NOW2024)

mβ ∼ 20
mβ < 0.45

 a factor from 4 to 12 below the next generation 
projects (Cupid, LEGEND, nEXO) depending on the 
Nuclear Matrix Element

mββ

 below the present cosmological bounds (at the level 
of  eV, depending on the analysis) Planck Collaboration: 

Aghanim, N. et al. 2020, A&A, 641, A6, [Erratum: A&A 652, C4 (2021)]

Σ
∼ 0.12

To be tested by Euclid in combination with other 
cosmological and astrophysical dataset (  eV) 
Euclid preparation. Sensitivity to neutrino parameters arXiv:2405.06047

Σ > 0.023

Euclid

Predicted  observablesν


