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1. Introduction

There are a few problems unsolved in the SM

• Origin of tiny neutrino masses 

• Dark Matter candidate 

• Baryon asymmetry of the Universe 

• …

2. Perturbativity and LFV

3. Neutrino parameters and LFV

4. Considering the RG running

5. Summary

• The mass of S1 has an upper bound 

• Constraints on neutrino parameters in the IO case 

• Future LFV experiments may probe the model 

• Thermal relics of the DM suggest rather light S2

In the KNT model, perturbativity&LFV leads to

1.×10-14

6.×10-14

4.2×10-13

1.×10-12

0 1 2 3 4 5 6

0.020

0.025

0.030

0.035

0.040

0.045

δCP

|M
ee
|/e
V

1.×10-14

6.×10-14

4.2×10-13

4.2×10-13

1.×10-12

1.×10-12

0 1 2 3 4 5 6
0.0

0.5

1.0

1.5

2.0

2.5

3.0

δCP

η

In IO case 
<latexit sha1_base64="F5YYsBRLSTYATECDf6zyPWs24+s="></latexit>

(m3 < m1 < m2)

Dirac and Majorana phases are constrained by 
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The bounds are much weaker in NO case

<latexit sha1_base64="D2ma2V4mt9JZjXuz9fYGycKvYUA="></latexit>

ne↵ = 2

Other 𝜈 parameters are scanned in 2𝜎 range
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Krauss-Nasri-Trodden modelAn attractive model:
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|gi2| < 1

• Consistent with the neutrino oscillation data 
• LFV bounds are satisfied 
• All the dimensionless couplings are less than 1

Let’s consider the case

Upper bound on !mS1
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Leptophilic DM scenario

General behaviour of the RG evolution for 
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Landau pole

GUT scale

Many scalars
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Some UV models, like one proposed in  S. Kanemura, Y. Mura, TS, Phys. Rev. D113, 055020 (2026)

Annihilation cross　section:

9

1-loop 2-loop
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FIG. 6. The contour plot of the maximal value of the cuto! scale ”max
cut on the plane of mN and mS . For each point, the size of

the Yukawa coupling yi is tuned to reproduce the correct thermal relic abundance of the DM candidate N . The right-bottom
(light-blue) shaded region is excluded by the condition of mN < mS which is required for N being the DM candidate. The
left-top (light-green) shaded region shows that yi >

→
4ω is required already at µ = mS . The left panel shows the result with

the one-loop beta functions, while the right panel shows the result with the two-loop beta functions.
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We can find an upper limit 

of the cutoff scale

It will be a strong clue for 

exploring the UV theory
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FIG. 2. The RG running of the scalar quartic couplings ωH , ωS , and ωSH , and the mass squared parameters µ2
H and µ2

S in the
case that mN = 200 GeV, mS = 250 GeV, ωS(mS) = 0.5. The panels (a), (b), (c), and (d) correspond to the initial values of
ωSH(mS) = 0.0, 0.3, 0.45, 0.8, respectively. In each panel, the dashed curves show the running with the one-loop beta functions,
while the solid curves show the running with the two-loop beta functions.

instability also occurs due to the negative mass-squared parameter µ
2
S
, which happens only in a limited parameter

region. The appearance of the Landau pole and the vacuum instability set an upper limit on the cuto! scale of the
model.

At the cuto! scale, the model will be switched to a UV theory. In many cases, new particles are introduced to the
model above the cuto! scale. For example, the leptophilic DM model can be realized as a low-energy e!ective theory of
the Kraus-Nasri-Trodden model [1], where an additional scalar particle and additional singlet fermions appear above
a certain energy scale. Such additional particles of course a!ect the RG running of the Yukawa couplings and the
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FIG. 2. The RG running of the scalar quartic couplings ωH , ωS , and ωSH , and the mass squared parameters µ2
H and µ2

S in the
case that mN = 200 GeV, mS = 250 GeV, ωS(mS) = 0.5. The panels (a), (b), (c), and (d) correspond to the initial values of
ωSH(mS) = 0.0, 0.3, 0.45, 0.8, respectively. In each panel, the dashed curves show the running with the one-loop beta functions,
while the solid curves show the running with the two-loop beta functions.

instability also occurs due to the negative mass-squared parameter µ
2
S
, which happens only in a limited parameter

region. The appearance of the Landau pole and the vacuum instability set an upper limit on the cuto! scale of the
model.

At the cuto! scale, the model will be switched to a UV theory. In many cases, new particles are introduced to the
model above the cuto! scale. For example, the leptophilic DM model can be realized as a low-energy e!ective theory of
the Kraus-Nasri-Trodden model [1], where an additional scalar particle and additional singlet fermions appear above
a certain energy scale. Such additional particles of course a!ect the RG running of the Yukawa couplings and the
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FIG. 5. Contour plot of the energy scale where the perturbative e!ective theory description breaks down. on the plane of
ωSH(mS) and ωS(mS) for fixed values of mN and mS . In each figure, the red curves show the contour of the scale where one
of the quartic couplings ωH , ωS , and ωSH become nonperturbative (i.e., →ωi > 4ε). The blue and green curves show the scale
where ωH < 0 and ωS < 0, respectively. The purple curve shows the contour that µ2

S < 0 at 1019 GeV and µ2
S < 0 occurs at

the lower scale in the bottom-left side range of the curve. The cyan shaded region shows the range where the e!ective theory
description is valid up to 1012 GeV, and the yellow shaded region shows the range where the e!ective theory description is
valid up to 1019 GeV.
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FIG. 5. Contour plot of the energy scale where the perturbative e!ective theory description breaks down. on the plane of
ωSH(mS) and ωS(mS) for fixed values of mN and mS . In each figure, the red curves show the contour of the scale where one
of the quartic couplings ωH , ωS , and ωSH become nonperturbative (i.e., →ωi > 4ε). The blue and green curves show the scale
where ωH < 0 and ωS < 0, respectively. The purple curve shows the contour that µ2

S < 0 at 1019 GeV and µ2
S < 0 occurs at

the lower scale in the bottom-left side range of the curve. The cyan shaded region shows the range where the e!ective theory
description is valid up to 1012 GeV, and the yellow shaded region shows the range where the e!ective theory description is
valid up to 1019 GeV.
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GUT?

It’s a very rough condition for perturbativity

Perturbativity & vacuum stability

In a new physics model with extended scalar sector,

RG behaviour of the potential

a strong clue for the UV theory
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