
Introduction

• Flavored neutrinos: Weak interaction eigenstates

• Production & Detection

• The number of neutrinos = 3

• From LEP, Z boson invisible decay

• Massive neutrinos:

• Dirac:

• Majorana: 

• Neutrinoless-double beta decay

General formulation

• Equation of motion in the momentum space:

• In a Lorenz invariant medium:

• Canonical basis of the kinetic term: 

• The Equation of Motion becomes 

• Correction to the neutrino mass matrix

• Original mass term is modified
• For large parameter space, the mass correction is subdominant

Neutrino oscillations in vacuum

• Flavor eigenstates ≠ Mass eigenstates

• 𝜈𝛼 = 𝑈𝛼𝑖𝜈𝑖

• Two-flavor neutrino propagation in vacuum

Neutrino potential

• Neutrino energy VS matter potential
• Change of shape:
• Low energy limit

• High energy limit

• The effective Hamiltonian 

Neutrino oscillation in matter

• Coherent forward scattering

• Generalized matter potential

DM assisted neutrino oscillation

• In the case of                           (Peak energy << 1 MeV)

• Standard neutrino oscillation can occur from the symmetric DM effect even for 
massless neutrino

Standard MSW effect

• Standard matter potential
•

•

• Matter potential at ultra-high energy

• Conversion probability

Conclusion and discussion

• We provided a systematic study of neutrino oscillations in a medium of dark 
matter.

• A formula is derived to describe the medium effect.
• Apparent CP violations arises from the asymmetric distribution of dark matter.
• Precise determination of the neutrino oscillation parameters may be able to 

reveal the presence of the dark matter asymmetry.

• The medium potential has a resonance peak at 𝐸𝜐 = 𝑚𝑓
2/2𝑚𝐷𝑀.

• In the case of 𝐸𝜐< 1MeV, the medium potential mimics the standard oscillation 
parameters and thus solar and atmospheric neutrino data might be accounted 
for even with massless neutrinos.

Neutrino oscillation in matter

• Wolfenstein Potential
• Coherent forward scattering of neutrinos leaving the medium unchanged must 

be taken into account

• Consider neutrino/anti-neutrino propagation in a general background
• electron, positron

• Effective Hamiltonian

Dark Matter model

• Neutrino-DM Interaction: 

• Coherent forward scattering

• Corrections

• ε = 0,𝑚𝑋 → 0: S-F Ge, H. Murayama, arXiv:1904.02518
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