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Neutrino mass: Dirac or Majorana?
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M may be explained by the spontaneous Global U(1)L symmetry breaking

Majoron model



Singlet Majoron Model
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Singlet Majoron Model

U(1). Lepton number symmetry
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Singlet Majoron Model

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

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

2.: hew singlet scalar

Takef > v ...m_>m,

— o(x) decouples from SM



Singlet Majoron Model B o> (v 4 G003
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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
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» |[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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Majoron Decay into neutrinos:/ — 2v.

o Consider DM in Milky Way — Line-shaped signal dd S (
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e Decay rate in mass basis
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Majoron Decay into neutrinos:/ — 2v.

e Consider DM in Milky Way — Line-shaped signal do o S ( mj>
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« Decay rate in mass basis
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» Extreme case: Quasi-Degenerate(QD) neutrino mass: 171, ~ m, ~ ni;, Z m? ~ 0.1eV*



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

e Decay rate in mass basis
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2. Less decay into lighter neutrino

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

1. PMNS matrixis

taken into account

[(BD) = P(v: —» 7)I'(J = wv) = 16”}@ Z U



Uncertainty: neutrino mass
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Uncertainty: neutrino mass

 Decay rate uncertainty
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Uncertainty: neutrinomass

« Decay rate uncertainty Normal Inverse
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Dependence on the
mass hierarchy
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NH-IH determination (in MeV-GeV)
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Summary

1. Majorana mass term of right-handed neutrino may arise from the
spontaneous U(1)L breaking.

2. pNG boson associated with U(1)L, 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 (NH)

2. Constraints strongly depend on the mass hierarchy
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