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• Low-scale Type-I Seesaw viability via radiative  
   stability of  

• 1-loop self-energy & Casas-Ibarra Parametrization   

• Prediction of the  and constraint

mv

Br(μ → eγ)
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Introduction
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Type-1 Seesaw Model 

Mtot = (
0 MD

MT
D MR)

under seesaw assumption   MD ≪ MR

m(0)
ν = − MD M−1

R MT
D

THRESHOLD ! 

ℒmass = −
1
2 (νL Nc

R) (
0 MD

MT
D MR) (νc

L
NR) + h.c.
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Casas-Ibarra Parametrization

MD = i UPMNS mν RT MR

R =
c2c3 −c1s3 − s1s2c3 s1s3 − c1s2c3
c2s3 c1c3 − s1s2s3 −s1c3 − c1s2s3
s2 s1c2 c1c2

,

ci = cos θi, si = sin θi, θi = xi + iyi,

4

i = 1,2,3
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cosh yi, sinh yi ∼
eyi

2



m(diag)
ν =

m1 0 0

0 m2
1 + Δm2

sol 0

0 0 m2
1 + Δm2

atm

UPMNS =
c12c13 s12c13 s13e−iδ

−s12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ s23c13

s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13

⋅ diag(e−iα1, e−iα2,1)

UT
PMNS m(0)

ν UPMNS = m(diag)
ν

Rij ∼ e± Im(θk)

Entries Cancellation 
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1-loop correction 

δM = MT
D M−1

R Σ1MD = m(1)
ν

Σ1 =
g2

64π2M 2
W

m 2
H ln( M 2

R

m 2
H ) + 3 m 2

Z ln( M 2
R

m 2
Z ) .

W. Grimus and L. Lavoura , 2002
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Reproduced Result of Aristizabal & Yaguna, 2011

rij ≡
(m(0)

ν + m(1)
ν )ij

(m(0)
ν )ij
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Usual Type-1 Seesaw 

mν ≃ 0.05 eV, V = 246 GeV

MR = 1 GeV ⇒ Yν ∼ 10−8

MR = 1015 GeV ⇒ Yν ∼ 1

8

mν ≃
Y2

ν v2

MR
MD = Y

V

2
m(0)

ν = − MD M−1
R MT

D
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zi ≡ max(Im(θi))

Case 1:
z1 = z2 = z3 = 3
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MD = Y
V

2

R ∝ eIm(θ)

U2 ∼
M2

D

M2
R

↑

MD ↑ ⇒ Yν ↑
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Case 2:
z1 = 20; z2 = z3 = 0

arXiv:2604.06345



11

Br > 10−35

Br > 10−32

Br > 10−30

Br > 10−26

Br > 10−22

Br > 10−14

Br > 10−13
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U2 ≡ ∑
α=e,μ,τ

6

∑
i=4

|Uαi |
2
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mν = m(0)
ν + δM ≡ − M(1)

D

T 1
M′￼R

M(1)
D

1
M′￼R

=
1

MR
(1 − Σ1)

M(1)
D = i M′￼R R mν UPMNS

M′￼tot =
δM′￼ M(1)

D

T

M(1)
D MR

14

RTΣ1R ∼ sinh2(Im θi)
Loop corrections break 
cancellation →  entries 
directly affect  structure

R
mν

U
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δM′￼ = M(1) T
D Σ1 M(1)

D



UTM′￼†
totM′￼totU = diag(m2

1 , m2
2 , m2

3 , M2
4 , M2

5 , M2
6)

Δm2
sol = m2

2 − m2
1 , Δm2

atm = m2
3 − m2

1

Δ(Δm2
sol) =

Δm2
sol,rec − Δm2

sol,exp

Δm2
sol,exp

,

Δ(Δm2
atm) =

Δm2
atm,rec − Δm2

atm,exp

Δm2
atm,exp

Mass Splitting 
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Mixing Angles

Δ(sin θ12) =
sin θ12,rec − sin θ12,exp

sin θ12,exp

Δ(sin θ13) =
sin θ13,rec − sin θ13,exp

sin θ13,exp

Δ(sin θ23) =
sin θ23,rec − sin θ23,exp

sin θ23,exp

M′￼tot → U → sin θrec
ij → Δ(sin θij)
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Conclusions

•Low-energy models are viable alternatives to  
    the standard scale. 

•MEGII limits on  provide competitive  
    constraints for  > 100 GeV. 

•The complex CI is incorrect under loop effects.

Br(μ → eγ)
MR
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Thanks!

Questions?
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Σ2 =
1

16π2
Σ1

Σ3 =
1

(16π2)2
Σ1

Effect of higher order corrections
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