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The Big problem: Flavor puzzle
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Who ordered this observed pattern?

Weinberg once identified the flavor pattern as the mystery he most wanted to see solved.

( Focus here: the neutrino sector )
( cern courier volume57 number9 ) 

Nufit 6.1



A solution: Zeros in 𝒎𝝂
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Zero minor Zero texture

Who ordered this observed pattern?

( Other special structures are possible)

Zeros lead to correlations

If the predicted correlations naturally reproduce the observed flavor pattern,
they may reveal an underlying mechanism behind the flavor puzzle.

Assuming …

＊：Non-Zero element



Flavor symmetry as the Origins of Zeros
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Dirac mass Majorana mass

𝑚! = −𝑚"𝑀#$𝑚"
% (Type-I seesaw) 

Flavor symmetry breaking 𝜙 = 𝑣&

“Two-Zero Minor”

Example: U 1 !!"!"

What is the underlying mechanism?
Flavor symmetry



NPN 2026 /  Jun Miyamoto (ICRR, UTokyo) 4

Zero minor Zero texture

Flavor symmetry
Who ordered this observed pattern?

1. Zero minors/textures are constrained (review)

Outline



Most are excluded by oscillation data
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(notation 2004.05622 and 0708.2423)

𝑚# = 

Most structures are inconsistent with oscillation data

𝑚#
"$ = 
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Zero texture

Dashed : Inverted Ordering

𝜒' =(
(

𝑂()* − 𝑂(
+,- '

𝜎(

Cosmology strongly constrains the remaining cases



Cosmology strongly constrains the remaining cases
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Zero minor

Dashed : Inverted Ordering

𝜒' =(
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Zero textures/minors are strongly constrained
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𝑚# = 

Most structure are inconsistent with oscillation data

𝑚#
"$ = 

Most surviving structures are severely constrained by cosmology

and
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Zero minor Zero texture

Flavor symmetry
as the origin of flavor pattern

2. Exact zeros are not expected from UV-complete model perspective

Outline

Flavor symmetry cannot be the origin of flavor pattern?



Revisiting “Zeros”
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Are texture zeros and minor zeros radiatively stable?

Dirac mass Majorana mass

Flavor symmetry breaking 𝜙 = 𝑣&

Example: U 1 !!"!"

Radiative corrections turns 0 into small nonzero entries, 𝝐



Example UV Model
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Dirac mass Majorana mass

SM + 3 RH Neutrino + SSB scalar + U 1 !!"!"

Type-D Zero Minor



RGE and Threshold Effects
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∼ 10$.GeV

RGE

RGE(SM) preserves zeros

𝐶//!
Λ
𝐿/𝐻 𝐿/!𝐻

𝐶//!
Λ
𝐿/𝐻 𝐿/!𝐻

What about Threshold Effect ?



Relevant diagrams
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and charged yukawa interaction
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Flavor symmetry
as the origin of flavor pattern

3. Soft breaking effects relax the cosmological constraints
( SM + 3 RH Neutrino + SSB scalar + U 1 !!"!" )

Outline



Impact on ∑𝒊𝒎𝒊
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cosmology

preliminary

𝑀$: Lightest RHN mass
Δ: sym ‒ (nosym)



𝒔𝟐𝟑𝟐 vs ∑𝒊𝒎𝒊
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cosmology

𝑀$ > 10$$𝐺𝑒𝑉

preliminary



Conclusions
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Flavor symmetry
Can be the origin of flavor pattern

2. Soft breaking effect modify the prediction
1. Exact zeros are broken radiatively

3. Neutrino physics provides a probe of flavor symmetry

＊：Non-Zero element



Bottom up analysis

NPN 2026 /  Jun Miyamoto (ICRR, UTokyo) 18

𝜒' =(
(

𝑂()* − 𝑂(
+,- '

𝜎(

Dashed : Exact zero (tree level)

preliminary



Which observables are important?
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𝑚# = 𝑚#
"$ = 

Some structure can not explain 𝜽𝟐𝟑 > 45 𝑜𝑟 < 45

𝜹𝑪𝑷 determination is important because of correlations of model prediction

Of course, ordering is most important



Two-loop?
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Leading order is One-loop

0 and 𝜖 are very different

Two-loop is Next leading order, which is negligible since it is smaller than LO ( one-loop) 



Large-log?
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log 4"
"

4#
" are appear in the 𝜖

The coupling is small, but the effect is logarithmically enhanced

Is RGE improvement needed?
𝜖 has an O(1) % uncertainty when 𝛼𝑙𝑜𝑔 ∼ 0.1

𝜖 is Leading order, so that our result is not badly affected by RGE



0𝝂𝜷𝜷
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some zero texture/minors are constrained by 0𝜈𝛽𝛽

But 𝜖 is One-loop level, so that its evaluation is model dependent.

Flavor violating decay process are also important (e.g. 2511.08679)


