
. . . . . .

Effect of non-standard interactions for radiative neutrino mass model

.

.

. ..

.

.

Effect of non-standard interactions for

radiative neutrino mass model

Y. Konishi (Saitama-Univ)

T. Ota, J. Sato (Saitama-Univ) and T. Shimomura (Niigata Univ)

February 14, 2014



. . . . . .

Effect of non-standard interactions for radiative neutrino mass model

Introduction

Neutrino masses

Neutrino masses

In the standard model, neutrinos are massless.

Origin of the small neutrino masses

1. Add right handed Dirac neutrino (⇒ Yν`LφνR)

2. Seesaw mechanism (⇒ Majorana neutrino)

mν ∼ m2

MR

3. Radiative mass generation (⇒ Extension of scalar
sector)

mν ∼ λ

(4π2)n
m2

`

MS
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Introduction

Radiative neutrino mass model

Radiative neutrino mass model

Coupling constant ∼ O(1)

Muon g-2
⇒ Can be large value (for such a large coupling constant)

NSI(non-standard interaction) effects
⇒ Can be large value (for inverted hierarchy)

[Ohlsson et al, Phys.Lett,B115(1982)]

Neutrino mass is generated via three loop diagram
⇒ [Krauss et al, Phys.Rev,D67(2003)]

We search the inverted hierarchy masses in this model.

We estimate the NSI effects and muon g-2 expreriment.
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Krauss-Nasri-Trodden model

KNT model

Standard model with one SU(2)L doublet scalar

Φ : (1, 2,
1

2
),

.
New added particles
..

.

. ..

.

.

Two SU(2)L singlet scalar fields

S+
1 : (1, 1, 1), S+

2 : (1, 1, 1).

Three right handed neutrinos [Ahriche and Nasri, JCAP, 1307(2013)]

ψN1
R : (1, 1, 0), ψN2

R : (1, 1, 0), ψN3
R : (1, 1, 0).

Impose Z2 discrete symmetry

Z2 : {S2, ψ
N
R } → {−S2,−ψN

R },
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Krauss-Nasri-Trodden model

Neutrino masses

neutrino mass

Neutrino mass [Cheung and Seto, Phys.Rev,D69(2004)]

Yukawa coupling{
f``′ anti symmetric

gi`′ (i = 1, 2, 3)

(mν)αβ =
4λs

(4π2)3mS2

fαρm`ρgρjFjgjσm`σfσβ (Fj : loop function)
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Krauss-Nasri-Trodden model

Yukawa coupling constants f [Ohlsson et al, Phys.Lett,B115(1982)

Yukawa coupling constants f
In this model, antisymmetric coupling constants f``′ for the inverted neutrino mass
hierarchy have the following relations [Babu and Macesanu, Phys.Rev,D67(2003)]

(mν3 = 0 � mν1 < mν2 )

α =
feτ

fµτ
= −

s23c13

s13
e−iδ , β =

feµ

fµτ
= −

c13c23

s13
e−iδ ,

This coupling constants have one free parameter using the value of neutrino oscilation
experiments [Fogli, Phys.Rev,D86(2012)]

∆m2
sun = ∆m2

21 = 7.54+0.64
−0.55 × 10−5eV2

∆m2
atm = ∆m2

31 = +2.42+0.19
−0.25 × 10−3eV2

sin2 θ12 = 0.307+0.052
−0.048

sin2 θ23 = 0.392+0.271
−0.057

sin2 θ13 = 0.0244+0.0071
−0.0073

In the following we assume that δ = 0
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Krauss-Nasri-Trodden model

Inverted neutrino mass hierarchy

Neutrino masss

...1 To realize the inverted neutrino mass hierarchy, we assume some conditions

faρm`ρgρjFjgjσm`σ fσb = f 2µτ

 0 αG2 βG3

−αG1 0 G3

−βG1 −G2 0

 0 −αG1 −βG1

αG2 0 −G2

βG3 G3 0


...2 We also assume that

G2 = G2
1 = (mege1 +mτgτ1/α)F1 = (mege1 −mµgµ1/β)F1

G2 = G2
2 = (mµgµ2 + βmτgτ2/α)F2 = (mµgµ2 + βmege2)F2

G2 = G2
3 = (αmµgµ3 +mτgτ3)F3 = (−αmege3 +mτgτ3)F3

...3 The degenerate masses are

mν1 = mν2 =
4

(4π2)3

f 2µτ

sin2 θ13

λSG
2

mS2
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Experimental constraints

Low energy experiments

Lepton Flavor Violation

Lepton interactions with the exchange of singlet scalars S1 and
S2

`α → `bνν (Lepton universality)

|feµ|2 < 0.015(mS1/TeV)2∣∣|fµτ |2 − |feτ |2
∣∣ < 0.05(mS1/TeV)2∣∣|feτ |2 − |feµ|2
∣∣ < 0.06(mS1/TeV)2∣∣|fµτ |2 − |feµ|2
∣∣ < 0.06(mS1/TeV)2

`−α → `−β γ (Rare lepton decays: one-loop)

B(µ → eγ)

=
αv4

384π

 |fµτ feτ |2

m4
S1

+
36

m4
S2

∣∣∣∣∣
3∑

i=1

giµgieF2

(
m2

Ni

m2
S2

)∣∣∣∣∣
2


< 5.7× 10−13 [Adametal ,MEGcollaboration(2013)]
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Experimental constraints

Simple parameter set

Neutrino masss
...1 Since the neutrino mass matrix doesn’t depend on the value coupling constants

gei , we can put
ge1 ∼ ge2 ∼ ge3 ∼ 0.

Then, the other coupling constants g`i

gµ3 ∼ gτ2 ∼ 0

gτ1 = −(αmµgµ1)/(βmτ ),

gτ3 = ±(F2mµgµ2)/(F3mτ ),

gµ2 = ±(F1gµ1)/(βF2),

...2 From the constraints of lepton universality, the maximum value of fµτ is
determined by

f 2µτ =

(
m2

S1

GeV2

)(
1.5× 10

8

α2

)
.

...3 The degenerate masses are

mν1 = mν2 =
4

(4π2)3

f 2µτ

sin2 θ13

λSG
2(ni , s)

mS2

,

(
ni =

mNi

mS2

, s =
mS1

mS2

)
.
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Experimental constraints

Muon (g-2)

Nuon g-2

Non standard interaction and muon g-2
The input parameters are ni , s, gµ1.

Masses of the DM

One of mRi
< 130 GeV(λS = 1.0)

One of mRi
< 470 GeV(λS = 0.1)

because

One of mRi
< mS2 ,

where we assume

mS1 ,mS2 > 100 GeV.

Muon g-2 (0.21× 10−9 < δaµ < 5.01× 10−9) [Hagiwara et al, J.Phys.G 38 (2011)]

δaµ =
m2

µ

16π2

(
|feµ|2 + |fµτ |2

6m2
S1

+
3∑

i=1

|gµi |2

m2
S2

F2

(
m2

Ni

m2
S2

))
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Non-Standard Interaction

Non-Standard Interaction(NSI)
Lepton interaction with the exchange of singlet scalar S+

1

Since the effective Lagrangian is expressed as

LNSI = 4
GF√
2
ερσαβ(ναγ

µPLνβ)(`ργ
µPL,R`σ)

NSI parameters are defined by

ερσαβ =
fσβ f

∗
ρα√

2GFm
2
S1

∼= 0.06fαβ f
∗
ρσ

( mS1

TeV

)−2
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Non-Standard Interaction

NSI parameters

NSI parameters

...1 The relevant NSI parameter in matter(e, u, d ⇒ ρ = σ = e)

εmαβ = εeeαβ =
feβ f

∗
eα√

2GFm
2
S1

⇒ εmµτ , ε
m
µµ, ε

m
ττ .

where α, β 6= e from the antisymmetric property of f

...2 The relevant NSI parameter for source (µ → eνβνα ⇒ σ = µ, ρ = e)

εsαβ = εeµαβ =
fµβ f

∗
eα√

2GFm
2
S1

⇒ εsµτ , ε
s
τe .

for the main channels εsµτ (νµ → ντ )ch, εseτ (νe → ντ )ch.

...3 We obtain a relation
εmµτ = −εs∗τe
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Non-Standard Interaction

Non-Standard Interaction

NSI and muon g-2

Non standard interaction and muon g-2

Muon g-2 (0.21× 10−9 < δaµ < 5.01× 10−9) [Hagiwara et al, J.Phys.G 38 (2011)]

δaµ =
m2

µ

16π2

(
|feµ|2 + |fµτ |2

6m2
S1

+
3∑

i=1

|gµi |2

m2
S2

F2

(
m2

Ni

m2
S2

))
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Summary and Discussion

Summary and Discussion

We found a parameter space realizing the inverted neutrino mass hierarchy of three
loop radiative mass model under some assumptions.

Large value of the NSI parameters and the value of muon g-2 are obtained in
the inverted hierarchy
⇒ εmττ < 9.0× 10−4

Large value of the NSI parameters are not obtained in normal hierarchy
⇒ εmµµ < 1.0× 10−4

Discusstion

We will observe the NSI effects of the inverted hierarchy at the Neutrino
Factory.
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