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Neutrino oscillations in matter

• “The effect of coherent forward scattering (leaving the medium unchan
ged) must be taken into account when considering the oscillations of n
eutrinos traveling through matter.”
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Neutrino oscillations in Dark Matter

• Consider neutrinos propagating in a classical DM background

• Coherent forward scattering → medium contribution to the propagator                      

→ modified dispersion relation 
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In the relativistic limit:

“Neutrino oscillations 
even with 𝑚𝜈 = 0” 

Choi, EJC, Kim, 1909.10478
2012.09474



Neutrino Propagation in Dark Matter

• Medium effect in neutrino propagation in a classical DM background

• Yet unexplored coherent process of transition

BLV 2022 ULB "Neutrino Transition in DM"  EJChun@KIAS 4

𝐴𝜈→𝑓 ∝ 𝑔𝜙𝑘 ത𝑢𝑝+𝑘𝑃𝐿𝑢𝑝
𝑔 ത𝜙𝑘 ത𝑢𝑝−𝑘𝑃𝐿𝑢𝑝

EJC,  2112.05057

ℒ′ =
1

2
𝑔 𝜙𝜈𝜈 +

1

2
𝑔∗ 𝜙+ ҧ𝜈 ҧ𝜈

𝜙 𝑥 → 𝜙𝑐 𝑥 = 𝜙𝑘𝑒
−𝑖𝑘⋅𝑥 + ത𝜙𝑘𝑒

𝑖𝑘⋅𝑥
LNV: ത𝜙𝑘 = 𝜙𝑘

∗

ℒ′ =
1

2
𝑔 𝜙𝜈𝑓 +

1

2
𝑔∗ 𝜙+ ҧ𝜈 ҧ𝑓



Coherent state=classical field

• Eigenstate of annihilation 
operator:

• Energy density:
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𝜙 𝑥 = 
𝑑3k
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Monochromatic + non-relativistic

〈𝜙𝑐|𝑎𝑘 𝜙𝑐 = 𝜙𝑘; 〈𝜙𝑐|𝑎𝑘
+ 𝜙𝑐 = 𝜙𝑘

∗

Glauber, Sudarshan, 1963

𝜙𝑘 = 2𝜋 32𝐸0𝛿
3 k − k0 𝜙0, 𝑘0≈ (𝑚𝜙, 𝑚𝜙 Ԧ𝑣)



Analysis setup

• Work in the mass basis of neutrinos coupling to 
a classical background:

“Flavour structure of the coupling”
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Two-flavour case

• Consider two-flavor neutrinos:

• The 𝜈𝑒 → 𝜈𝜇 transition amplitude:
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𝜈𝑒 = 𝑐𝜃𝜈1 − 𝑠𝜃𝜈2
𝜈𝜇 = 𝑠𝜃𝜈1 + 𝑐𝜃𝜈2

𝐴𝜇𝑒 = 𝑐𝜃𝑠𝜃 𝐴11 − 𝐴22 + 𝑐𝜃
2𝐴21 − 𝑠𝜃

2𝐴12

Standard oscillation + 
Medium effect in transition
with 𝑔11,22 ≠ 0

Medium effect with 𝑔12 ≠ 0



Transition amplitudes in medium

• 𝜈𝑖 → 𝜈𝑗 transition amplitude:

• 𝑈 = 𝐼: Standard neutrino oscillation
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𝐴𝑗𝑖 = 𝜙𝑐; 𝜈𝑗 , p2 𝑒
−𝑖𝐻0𝑡2𝑈 𝑡2, 𝑡1 𝑒𝑖𝐻0𝑡1 𝜈𝑖 , p1; 𝜙𝑐

𝑈 𝑡2, 𝑡1 = 𝑇𝑒
𝑖 𝑡1

𝑡2 𝑑𝑡 ℒ′(𝑡)
= 𝐼 + 𝑖 න

𝑡1

𝑡2

𝑑𝑡 න𝑑3x ℒ′(𝑥) + ⋯

𝐴𝑗𝑖
0 = 𝜙𝑐; 𝜈𝑗 , p2 𝑒

−𝑖𝐻0(𝑡2−𝑡1) 𝜈𝑖 , p1 ; 𝜙𝑐 ∝ 𝑒−𝑖 𝐸𝑖𝐿 𝛿𝑗𝑖 with 𝐿 = 𝑡2 − 𝑡1



Transition amplitudes in medium

• 𝑈 = 𝑖 𝑡1
𝑡2 𝑑𝑡 𝑑3x ℒ′(𝑥) : Medium-induce transition 𝜈𝑖 p → 𝜈𝑗(p ± k)
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Transition probability

• Three independent contributions:

• Assuming 𝑔𝜙0 ≪ 𝑚𝜈, consider 
two couplings independently 
𝑔12, 𝑔22:

• Additional contribution to be 
smaller:
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obs.



Constraints from neutrino oscillation data
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Summary

• Interesting medium effects in neutrino propagation – medium potential, 
induced mass-squared, CPV, etc..

• Discussed yet another transition process 𝜈𝑖 p → 𝜈𝑗(p ± k) that occurs in 
the classical background of 𝜙𝑘/𝜙𝑘

∗ , and is highly constrained by the neu
trino oscillation data.

• This process is suppressed in the limit of 𝑚𝜈 → 0, where neutrino oscillat
ions can be solely due to the medium effect.
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