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Neutrino mass: Dirac or Majorana?

e Dirac Neutrinos (Higgs Mechanism)
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M may be explained by the spontaneous global Lepton # symmetry breaking

Majoron model



Singlet Majoron Model
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Singlet Majoron Model

U(1). Lepton number symmetry

y — "Wy,

H D ELPR L) =1, LE)=-2

L = Low+ 01,0, +0,2

Spontaneous U(1). breaking ¥ + My
®: SM Higgs - \/5 (f ox) z(x))

E, = (v;,e;):SU(2) doublet (P)NG boson: J(x) Majoron

2.: new singlet scalar

Takef > v ...m_>m,

— o(x) decouples from SM
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Singlet Majoron Model

L = Ly + iRy, 00k + 0,20,X — AP Ej vy
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Explicit S try Breaking (ESB) t
: SM Higgs xplicit Symmetry Breaking ( ) term

E;, = (v, eL)T:SU(Q) doublet

2.: new singlet scalar

 Majorons are massive (p-NG boson) in our work
* A good Dark Matter (DM) candidate!
« Various ESB terms are discussed to explain DM
production mechanism, mass mechanism....

 For general discussion, we do not specify ESB terms



Majoron as a pNG boson of U(1)L

Assume
m1,2,3 << mJ i @(M@V - T@V) << m4,5,6

INn our work
o Stabillity

Interacts only with neutrinos at tree-level 2f

- Suppressed by 1/f

)
9 )
CU - ) o m,; Z e 1 m, 10° GeV > m;
16712 " 3x10%sec \ 1 MeV f 10-3eV?

« | east constrained since they couple only with neutrinos at tree-level.

A nice DM candidate to be tested through neutrino observations
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Constraints
from Majoron Decay
Into neutrinos
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Majoron Decay into neutrinos:/ — 2v.

« Consider DM in Milky Way — Line-shaped signal dd S (
D
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Majoron Decay into neutrinos:/ — 2v.

e Consider DM in Milky Way — Line-shaped signal do o S ( m])
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Majoron Decay into neutrinos:/ — 2v.

e Consider DM in Milky Way — Line-shaped signal do o S ( mj>
D

« Decay rate in mass basis

L. = — Jusup+h.c. = nYsh, A=
int Zf R”R ijZZI D) il ] f
m
1. Suppressed by f MJ - 2u) = —2 zmiz _ 0 (form. = 0)
2. Proportional to m? 16xf

» Extreme case: Quasi-Degenerate(QD) neutrino mass: 171, ~ m, ~ ni;, Z m? ~ 0.1eV*

Corresponding to Z m; ~ 0.5eV
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Constraint on Majoron Model(QD)
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Majoron Decay into neutrinos:/ — 2v.

e Consider DM in Milky Way — Line-shaped signal do o S ( m])
D

« Decay rate in mass basis

— C - ) — - 171]

m
1. Suppressed by f MJ - 2u) = —2 zmiz _ 0 (form. = 0)
2. Proportional to m? 16xf

» Detectionin flavor basis Eg.) Inverse betadecay 0U,+p — n+e™ @ MeV:

1. PMNS matrixis

taken into account

l

3
ni; )
1'(IBD)=Pv. - 70)I(J = ) =~ E U . “m:
( ) (l e)( ) 167Tf2i=1 el
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Uncertainty: neutrino mass

Normal Inverse

102eV Hierarchy Hierarchy
(NH) (IH)
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Uncertainty: neutrino mass

« Decay rate uncertainty \ I I
orma nverse
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Uncertainty: neutrinromass

 Decay rate uncertainty

Normal Inverse
3 | Hierarchy Hierarchy
[(J— 20) = Z (NH) (IH)
167zf2 2
=1 | 1073 eV e 3 1
Constraints get weaker | 5 ,
| | 1075 eV
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weak In the NH case



mass hierarchy
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¢« DM massis
determined by the
peak position

do m;
X Op | E——
dE 2

« Energyscalefis
determined by the flux

O x ['(my,[)

Once we detect a sighal In
IH region, NH with m; = 0
IS ruled out!
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NH-IH determination (in MeV-GeV)
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Constraints
from Majoron Decay
Into Visible sighals
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Visible sighals from Majoron DM

e Decay channels into charged fermions (one-loop)

N " o Note that
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Visible sighals from Majoron DM

 Decay channels into photons (two-loop)

['(J— 2}/) ~ - ﬁ K’ : h(x) = : <10g(1 — 2X + 24/x(x — 1)))2—

409677 V2 .

/_ frf
K'=uK ) NTQ? ( )+ ZKllh(4ml )
f
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Branching Ratio: (Visible)/(Neutrino)

- Neutrino signals: determined by f, m1,, m,,

1 m m?
['(J = 2v) ~ 10721 GeV3— d =
2 \1GeV 0.1eV?

- Visible signals: determined by f, 111, 4,

| A ! m )
[(J = 2y) ~107#GeV? — | —=2 d
12\ 104 1 GeV

22 s 1 4p s My \°
[(J — 2q.2]) ~ 1072 GeV? —
12\ 104 1 GeV 1 GeV

2 _
 Neutrino mass: n; = /1]2)‘/2 ~ 10_4 eV /ID 10 4 1013 GeV
: ! /lRf 104 /IR f .




Constraint on Majoron Model
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Summary

1. Majorana mass term of right-handed neutrino may arise from the

spontaneous Lepton # symmetry breaking.

2. pNG boson associated with the Lepton # symmetry, Majoron, can be a DM
candidate depending on the symmetry breaking energy scale f
3. Neutrino signals from Majoron DM
1. f>10°GeVatm, ~1GeV
2. Constraints depend on the mass hierarchy: weak in the NH case.

4. Visible signals
1. Ky~ @Al Ap)vlf < 107 atm; ~ 1GeV

2. Decay rate depend on not only f but also 4,
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