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Introduction

The standard model is very successful ...

in �rst approximation

Neutrino masses?

"

Right Handed friends?

"

Dark Matter?

"

In�aton?

%

Hierarchy problem?

%

And so many more...

%
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Motivations

Neutrino masses : Seesaw Mechanism?

Lν = −
g
√
2
ν̄cRΣνR −

h
√
2
ν̄LHνR + h.c. .

θ ≈
mD

MR
=

hv

2gvΣ
.

h ≈
(m1MR)

1/2

v
,

∼ 1,3 × 10−9 (
m1

0,1eV
)
1/2

(
MR

MeV
)

1/2

(
246GeV

v
) .

Seesaw process ⇒ Tiny Yukawa couplings
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Motivations

Idea : Assign global U(1)l charges to leptons, RH and LH
neutrinos [Branco et. al. '89, Babu, Ma, '89, Pilaftsis '05]

Charge Assignment ⇒ Yukawa structure

Neutrino Masses protected at all order (before SSB of U(1)l)

Large Yukawas allowed

↪ Phenomenological observables...
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Example

For instance :

N1 N± = (N2 ± iN3)/
√
2 L eR

U(1)l q /= 1 ± 1 +1 +1

Yukawas become :

h = v
⎛
⎜
⎝

0 a ia
0 b ib
0 c ic

⎞
⎟
⎠

+δh

mν = 0 at all orders...

↪ Need to break U(1)l
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The model

Until now : Plug it in by hand...

⇓

Suggestion : Break it spontaneously !
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The Model

Ingredients :

↪ Three generations of RH neutrinos

↪ New scalar �eld Σ

↪ Break spontaneously the global U(1)l : Σ = u + (S + iJ)/
√
2

↪ Bonus : Assign charges such that N1 is stable

N1 N+ =
N2+iN3
√

2
L eR Σ Φ

U(1)l even +1 +1 +1 even 0
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The Model

L = LN +Ly

where

Ly = λabcN̄
c
+
L̄Φ + h.c .

LN = −2MRN̄
c
+
N− − 2 g++Σ

�N̄c
+
N+ − 2 g−−ΣN̄

c
−
N− + h.c .

MM =
⎛
⎜
⎝

0 0 0
0 MR + uκR iu δR
0 iu δR MR − uκR

⎞
⎟
⎠

κR ≡ g++ + g−−

δR ≡ g++ − g−−

MD = v
⎛
⎜
⎝

0 a ia
0 b ib
0 c ic

⎞
⎟
⎠

At the ren. level :

mν = mN1
= 0
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The Model

Ingredients :

↪ Three generations of RH neutrinos

↪ New scalar �eld Σ

↪ Break spontaneously the global U(1)l : Σ = u + (S + iJ)/
√
2

↪ Bonus : Assign charges such that N1 is stable

↪ Write all dimension 5 operators preserving U(1)l : Mass scale
Λ of some UV completion sector

L. Heurtier Paris, Nov 2016



The Model

L = LN +Ly +L5

L5 = −2c11
(Σ�)

2

Λ
N̄c
1N1 − ch

Σ�

Λ
N̄c
+
(LΦ̄) + h.c . ,

MM =
⎛
⎜
⎝

g11
u
Λ 0 0

0 MR + uκR iu δR
0 iu δR MR − uκR

⎞
⎟
⎠

κR ≡ g++ + g−−

δR ≡ g++ − g−−

MD = v
⎛
⎜
⎝

0 a ia +δa
0 b ib +δb
0 c ic +δc

⎞
⎟
⎠

δh =
⎛
⎜
⎝

δa
δb
δc

⎞
⎟
⎠
= ch

u
Λ
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Dark Matter Sector

In this set up :

N1 N+ =
N2+iN3
√

2
L eR Σ Φ

U(1)l even +1 +1 +1 even 0

N1 is stable : dark matter candidate

Production mechanism : S Ð→ N1N1 (Freeze In Scenario)

Relic density reached for

(
u

Λ
)
2 mN1

mS
≈ 3 × 10−24

L. Heurtier Paris, Nov 2016



Parameter Space

Relic density :
u

Λ
≈ 5.5 × 10−10 (

mS

100MeV
)
1/2

(
keV

mN1

)

1/2

Dark matter mass : mN1
≡
u2

Λ
(set c11 = 1)

u ≈ 1.8 TeV (
mN1

keV
)
3/2

(
100MeV

mS
)

1/2

Λ ≈ 3.3 × 1012 GeV (
mN1

keV
)
2

(
100MeV

mS
)
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Neutrino masses

Parameters entering the seesaw : g−−, ch, MR , h0

ch h0 ≈ 3.7 × 10−7 (
MR

GeV
)(

mN1

keV
)
1/2

(
100MeV

mS
)

1/2

g−−
c2h

≈ 2.6 × 10−7 (
mS

100MeV
)
3/2

(
keV

mN1

)

5/2
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Lepton Flavour Violation

Large Yukawas allowed by construction

↪ sizable lepton �avour violation

→ observable µ→ eγ

→ µ→ e conversion

→ Short lived RH neutrinos accessible to detection

Underlying leptonic symmetry

↪ small neutrino masses, small lepton number
violation

→ No constraint from double β decay...
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Prospection

Λ = 1014GeV , ch = 1 ,
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Prospection

Λ = 1016GeV , ch = 1 ,
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Prospection

Λ = 1014GeV , ch = 0.01 ,
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Prospection

Λ = 1014GeV , ch = 1 ,
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Scalar phenomenology

New scalars in the theory J, S

very feeble interactions with neutrinos

Constraints from di�erent perspective :

Collider production : unrelevant in this range of parameter

Production in Supernovae?
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Supernovae bounds

TSN ∼ 10MeV, production via νν Ð→ S

Massless Majoron : Such channel suppressed

gJνν ≲ 4 × 10−7

↪ far from being reached here

What for massive particle (∼MeV) production?

gJνeνe =
−4
√
2 a2g−−v

2

M2

R − 4g−−g++u2
,

gSνeνe =
−4
√
2 a2g−−v

2 (M2

R + 4g−−g++u
2)

(M2

R − 4g−−g++u2)
2

. (0.1)

L. Heurtier Paris, Nov 2016



Supernovae Bounds

Two di�erent e�ects :

Slightly too high coupling gSνν → too much energy loss

Signi�cantly too high coupling gSνν → decay or scattering of
the scalar back in the core : no energy loss

L. Heurtier Paris, Nov 2016



Supernovae Bounds

Constraint from SN1987a : L ≲ 5 × 1052erg/s
1
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FIG. 1: Left panel: Neutrino luminosity constraints on the coupling gαβ , imposing Q < 5×1052 erg/s as a function of the Majoron mass
mJ . The coloured shaded region are excluded by the luminosity condition whereas the (transparent white shaded) denote the regions
where the emitted pseudoscalar mean free path DJ is smaller than the inner core radius Rc. Right panel: Constraints on the coupling
gαβ , using the deleptonization condition as a function of the Majoron mass mJ .[L.H., Y. Zhang '16]

L. Heurtier Paris, Nov 2016



Supernovae Bounds

In our model :
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Supernovae probe : prospection

SN1987a : Only twelve events...

In the case of future explosion (d ≈ 0.2 kpc, M = 18M⊙) :

NSK
events ∼ 105 , N IC

events ∼ 108

[Fischer, Ringwald et al. '16]

Prospective constraint :

L
S
∆t <

1
√
Nevent

L
ν,simu
∆t (0.2)

L. Heurtier Paris, Nov 2016



Supernovae probe : prospection
1

−6 −5 −4 −3 −2 −1 0 1 2 3

−12

−10

−8

−6

−4

−2

0

log10[mS/MeV]

lo
g
1
0
[g
α
β
]

H gee

H geµ

H gµµ

FIG. 1: Neutrino luminosity constraints on the coupling gαβ , as
a function of the Majoron mass mJ , assuming the detection by
IceCube of a nearby supernova (d . 0.2kpc), and a number of
events detected of 106 per 0.1 sec bins.

[L.H., Y. Zhang '16]
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Conclusion

A model of "spontaneous" neutrino mass generation...

...with large Yukawas!

Breaking of the leptonic symmetry triggered by SSB

One isolated RH generation : Dark matter candidate

Observable lepton �avour violation in future experiments

RH neutrino searches as well

May (not) be observable in SN neutrino burst detection...

L. Heurtier Paris, Nov 2016



The End

Thank you!

L. Heurtier Paris, Nov 2016


