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Neutrino oscillation in vacuum

Flavored neutrinos: Weak interaction eigenstates
Production & Detection

e” Vo
v, v, V-
o " [ " T w-

. . . . e e
Massive neutrinos: Majorana VS Dirac
Dirac: = 1€ (Vc ~ N) Z°
Ma]Orana V — VC (VR g Vz) dg ) : uy,
neutrinoless-double beta decay n'g
F




Neutrino oscillation in vacuum

Flavor eigenstates # Mass eigenstates
Vo = UiV
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Two-flavor neutrino propagation in vacuum
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Neutrino oscillation in vacuum

Ultra-relativistic limit (¢t = L)

m; m;
EIHP-I_ENE_I_E
AmZ?L

Ap = ¢y — P = F

Conversion probability
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Neutrino oscillation in matter

Wolfenstein Potential L. Wolfenstein, 1978

Coherent forward scattering of neutrinos leaving the
medium unchanged must be taken into account

Consider neutrino/anti-neutrino propagation in a
general background
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Effective Hamiltonian
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Neutrino oscillation in matter

Coherent forward scattering




Neutrino oscillation in matter

Coherent forward scattering
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Standard MSW effect

L. Wolfenstein, 1978
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Standard matter potential
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Matter potential @ high energy
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General formulation

Equation of motion in the momentum space
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General formulation

The Equation of Motion

Correction to the neutrino mass matrix
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Original mass term is modified

For large parameter space, the mass correction is
subdominant




General formulation

The Equation of Motion

Neutrino/ anti-neutrino Hamiltonian
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DM model

Bosonic DM (¢) and fermionic messenger (X;)

Lagrangian
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Coherent forward scattering
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General formulation

Ki-Young Choi, Eung Jin Chun,

Corrections
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Neutrino

potential

Ki-Young Choi, Eung Jin Chun, JKK
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Change of shape:

2
Epeak mx

2mpnm
Low Energy Limit:

VDM AT PDM

~ ¢

L,/ 4 mDﬂI EPE{IL’

High Energy limit:

DM AT) PDM/msz

v, _ 2 QEU




Two-flavor oscillation

The effective Hamiltonian
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The mixing angle & mass squared difference in the
medium
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Mass difference between v&v

Ki-Young Choi, Eung Jin Chun, JKK
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Ki-Young Choi, Eung Jin Chun,

Modified mixing angle
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DM assisted neutrino oscillation

Ki-Young Choi, Eung Jin Chun, JKK

In the case of m% < 2mpyE, (Peak energy << 1MeV)
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Standard neutrino oscillation can occur from the
symmetric DM effect even for massless neutrino.



Conclusions

A systematic study of neutrino oscillations in a medium
of DM

Asymmetric medium induces CPT violation in
neutrino oscillations which may be tested near future

DM assisted neutrino oscillation
DM interaction with neutrino can explain neutrino oscillation

Further studies on phenomenological implications and
viability are needed



Conclusions

A systematic study of neutrino oscillations in a medium
of DM
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Further studies on phenomenological implications and
viability are needed



