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Phenomenon of Oscillation

The flavor states |𝒱&〉 and the mass states |𝒱'〉 are related:
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• 𝑈&' represents the leptón mixing matrix
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• 𝛼 = 𝑒, 𝜇, 𝜏
• 𝑘 = 1,2,3
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Oscillation probability in matter 

In a material medium:

𝐻 = 𝐻4 + 𝐻#

𝐻# 𝒱& = 𝑉&|𝒱&〉

It is an effective potencial due to
coherent interactions in the medium

𝐻+ =
1
2𝐸

(𝑈 𝕄! 𝑈5 + 𝔸)

𝐻+ is the effective Hamiltonian in matrix form

𝕄! =
0 0 0
0 ∆𝑚!#

! 0
0 0 ∆𝑚"#

!
𝔸 =

𝐴 0 0
0 0 0
0 0 0

𝐴 = 2𝐸𝑉88 = 2 2𝐸𝐺9𝑁!

When neutrinos travel through a dense medium, they experience a forward scattering of the particles that they encounter
along the way
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Two – Neutrinos Mixing
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𝑈 = cos 𝜃 sin 𝜃
− sin 𝜃 cos 𝜃

The two-neutrino effective mixing matrix

Making the matrixial producto we can get
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sin" 2𝜃

𝐴 = 2𝐸𝑉88 = 2 2𝐸𝐺9𝑁!

𝑉.. = 1.074×10/!# eV

𝐿 = 810 km

𝑉!! = 1.074×10"#$ eV

∆𝑚% = 7.39×10"&eV%
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Three Neutrinos Oscillation in Matter

In this case 𝑈 get the form:
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Oscillation Probability in Matter with NSI

The physics of neutrino oscillation as we have seen,
has made remarkable progress as the main
description of neutrino flavor transitions in recent
time.
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• 𝛼, 𝛽 = 𝑒, 𝜇, 𝜏

• 𝜖>? are complex to 𝛼 ≠ 𝛽
• 𝜖>? are real to 𝛼 = 𝛽
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Parámetros NSI 1𝜎 3𝜎
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Conclusions and Perspectives 

• The distance of source to detector of a neutrino experiment varies the probability oscillation and results in a change in the energy range.

• The interaction of charge current with electrons in the medium affects noticeably the oscillation channel 𝒱# → 𝒱! .
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• The fact that the NSI parameters have values other than zero may somehow be interfering with the measurement of the parameters that 
govern the neutrino oscillation.

• The NSI parameters have an effect that seems to mix both changes in amplitude and frequency. 

• For future projects, it is considered that the other standard parameters will be varied in order to obtain a more precise estimate of these 
NSI parameters. 
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