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 Flavored neutrinos: Weak interaction eigenstates

 Production & Detection

 Massive neutrinos: Majorana VS Dirac 

 Majorana:

 neutrinoless-double beta decay

 Dirac: 
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Neutrino oscillation in vacuum



 Flavor eigenstates ≠ Mass eigenstates



 Two-flavor neutrino propagation in vacuum

 Conversion probability
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Neutrino oscillation in vacuum



 Majorana

 Only a LH component

 Adding the matter term the equation of motion for 

neutrino wave function

 Squaring:

 Mass matrix is symmetric

 Dispersion relation:  
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Neutrino oscillation in matter



 Dirac

 Have both a LH and RH component

 Equation of Motion

 Eliminating the RH neutrino

 Dispersion relation: 
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Neutrino oscillation in matter



 Consider neutrino/anti-neutrino propagation in a 

general background

 electron, positron

 Coherent forward scattering
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Neutrino oscillation in matter



 Generalized matter potential

 Standard matter potential

 D

 d

 Matter potential @ high energy

 d
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Standard MSW effect



 A lot of models of DM and mediator
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DM models



 Equation of motion in the momentum space

 : corrections  

 In a Lorenz invariant medium:

 d

 Canonical basis of the kinetic term:
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 The Equation of Motion

 Correction to the neutrino mass matrix

 Original mass term is modified

 For large parameter space, the mass correction is 

subdominant 11

General formulation



 Bosonic DM (ϕ) and fermionic messenger (𝑋𝑖)

 Lagrangian

 Coherent forward scattering
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DM model



 Corrections

 D

 D

 ε = 0,𝑚𝑋 → 0: 
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General formulation
Ki-Young Choi, Eung Jin Chun, JKK

S-F Ge, Murayama 1904.02518



 Change of shape:

 Low Energy Limit:

 High Energy limit:
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Dark NSI potential
Ki-Young Choi, Eung Jin Chun, JKK



1. Constrained DM 

potential:

 1 ~ 10% of Δ𝑚2/2𝐸

2. NSI Probes:

 ε αβ ≡ 𝑉αβ
𝐷𝑀/𝑉𝑊

𝑆𝑀

3. Ruled out DM 

potential:

 Massless oscillation

4. Future probe of 

DM potential

 Governing 

oscillations of ultra-

relativistic neutrinos 15

Dark NSI potential
Ki-Young Choi, Eung Jin Chun, JKK



 The effective Hamiltonian

 D

 The mixing angle & mass squared difference in the 

medium
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Two-flavor oscillation



 I

 𝐸ν
𝑃𝑒𝑎𝑘 = 1GeV

 𝑥 → 0.75 @ High Energy limit
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Mass difference between ν& ҧν

Bound: T. Ohlsson, S. Zhou, 2015, R. 

Majhi, S. C, R. Mohanta, 2019

Ki-Young Choi, Eung Jin Chun, JKK
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 𝐸ν
𝑃𝑒𝑎𝑘 = 1TeV

 Solid line: 𝑥 → 10, 𝑦 → 0

 Dashed line: 𝑥 → 10, 𝑦 → 10
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Modified mixing angle
Ki-Young Choi, Eung Jin Chun, JKK



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



 Standard neutrino oscillation can occur from the 

symmetric DM effect even for massless neutrino.
19

DM assisted neutrino oscillation
Ki-Young Choi, Eung Jin Chun, JKK



Predictions

 No observation in the absolute neutrino mass

 - neutrinoless double beta decay

 - cosmological observation of the sum over neutrino mass

 Asymmetric oscillation in the neutrino and anti-

neutrino

 - Thanks to anisotropic velocity of DM on the Earth, the 

matter potential has asymmetry

 - Annual modulation of neutrino oscillation

 Directional dependence of neutrino oscillation

 - Matter potential oscillates depending on time
20

DM assisted neutrino oscillation
Work in progress

Ki-Young Choi, Eung Jin Chun, JKK, A. Smirnov 



Predictions

 No observation in the absolute neutrino mass

 - neutrinoless double beta decay

 - cosmological observation of the sum over neutrino mass

 Asymmetric oscillation in the neutrino and anti-

neutrino

 - Thanks to anisotropic velocity of DM on the Earth, the 

matter potential has asymmetry

 - Annual modulation of neutrino oscillation

 Directional dependence of neutrino oscillation

 - Matter potential oscillates depending on time
21

DM assisted neutrino oscillation
Work in progress

Ki-Young Choi, Eung Jin Chun, JKK, A. Smirnov 

 Too small corrections

 Too small corrections



NEUTRINO OSCILLATION

 Constraints

22

DM-neutrino interactions

Early Universe Present Universe

-DM relic density

-Neutrino reheating

: Neff, BBN

Neutrino flux

-CMB anisotropy

-Large Scale Structure

Supernovae-1987A

IceCube-170922A

- Neutrino flux 

suppression

- Neutrino flux 

anisotropy

Ki-Young Choi, JKK, Carsten Rott

Work in progress
Ki-Young Choi, Eung Jin Chun, JKK, A. Smirnov 



SUMMARY

 UV-completion?

 Dark sector coupling only to neutrinos

 Observable DM effect if 𝑚𝑋,𝐷𝑀 ≪ meV & 𝜆 ≪ 1

 BBN  𝑁𝑒𝑓𝑓

 Neutrino-DM scattering

 Star cooling

 Supernovae cooling / trapping

 Origin of DM

 Ultra-light particle

 Cold
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Questions? 



SUMMARY

 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
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Conclusions 
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Conclusions 

Thank you.


