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Intro: Zeros in neutrino mass matrix
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L. Lavoura 0411232

The SM can not explain neutrino mass

- Adding Majorana mass term 𝑚!

- # observed parameter 𝜃"#, …< # 𝑚! parameter

- Assuming some zeros in 𝑚! → 𝑚", 𝑚#, 𝑚$ can be determined 

𝑼 𝟏 𝑳𝝁&𝑳𝝉 is case D

without UV parameters

https://arxiv.org/abs/hep-ph/0411232


Intro: Type-I SeeSaw
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Adding Right-handed neutrino in the SM

After EW SSB turns to Majorana mass∼ 10!"GeV
∼ 10#GeV

RGE

RGE(SM) keeps zero minors



Intro: Type-I SeeSaw
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∼ 10!"GeV

RGE

How about Threshold Effect ( One Loop ) ?

RGE(SM) keeps zero minors



Our Result
1. Threshold Effects (SM one loop) generally breaks minor

structure; this is not specific to 𝑼 𝟏 𝑳𝝁"𝑳𝝉

2. Additional BSM correction can also break the minor 
structure in 𝑼 𝟏 𝑳𝝁"𝑳𝝉



Part I

1. Threshold effects (SM one loop) breaks minor structure

One loop matching of Wilson coefficient 
of Weinberg Operator 



Diagrams
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Results
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Type-I seesaw

At NLO, there is no need of Right-handed neutrino mass 𝑴!!



Breaking down of minors
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𝑟 = 0 , if minor is hold



Short summary I
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Zero minors are broken by SM One Loop Threshold Effects

The deviation can be evaluated by Yukawa couplings as 
new parameter ( No need of RH neutrino mass ) 

The correlation with Leptogenesis may be interesting



Part II

2. Additional BSM correction also breaks in 𝑼 𝟏 𝑳𝝁"𝑳𝝉

SM couplings are small
So, BSM loop contribution is important!!

(Much more diagrams contribute)



Motivation
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NO IO

𝑼 𝟏 𝑳𝝁&𝑳𝝉 ∑𝒎𝝂 at least ~ 0.3 eV, Latest cosmology bound ∑𝒎𝝂 < 0.2 eV
But…



Modification of two-zero minor
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modified radiatively



Diagrams
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Diagrams
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Results 𝚫𝐌𝟐𝟐 and 𝚫𝐌𝟑𝟑
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Renormalization scale 𝝁 free, No gauge dependence 𝝃
Second term also arises from EFT side !! 

H H



UV parameters degeneration
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𝑔#"$ M%% M#$ M%# M%$ m& m'# 𝜅( 𝜅# 𝜅$

UV parameters

𝜖 𝜖) ∈ 𝐶
Radiative term at IR 

𝝐/𝝐′ is determined only IR observables 𝜽𝟐𝟑 etc.
Test using 𝝐 as 2 parameters UV parameters independently



UV parameters independent predictions I
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preliminarypreliminary



UV parameters independent predictions II

KEK PH 2026 18

preliminarypreliminary



UV parameters ⟹ 𝝐

KEK PH 2026 19

Taking 𝒈𝝁%𝝉 = 𝟏, 𝝀 = 𝟏

preliminarypreliminary



Conclusion and messages
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• Threshold corrections can break zero 
minor even if SM loop contribution

• The impact might be not negligible (but 
loop suppressed)

• All UV parameters are not needed at NLO
because of zero minor holds at LO

• Correlation with Leptogenesis may be 
interesting since Yukawa couplings are 
sensitive to the NLO prediction.


