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Neutrino Oscillations

Mixing angle

• 2 - neutrino case:

• 3 - neutrino case :

Mixing matrix (3 angles, 3 phases)



ULDM Effect on Neutrino Oscillations

• Consider the gauge singlet scalar field  as an ULDM candidate

• For ULDM  𝑚𝜙 < 0.1 𝑒𝑉

• We define a small parameter 𝜂 ≡
𝜙0

Λ
. The 𝜈 parameters are modulated:



The Strategy

• Dividing some experiment lifetime to smaller time segments Δ𝑡.
• Choosing energy bin, and measuring 𝑃𝛼𝛽 in each Δ𝑡.

• Looking for a significant periodic behavior of < 𝑃𝛼𝛽 (𝐸0, 𝑡) >. 



Simulating 𝑃𝛼𝛽 Measurements

• Monte-Carlo simulation of 𝑃𝜇𝑒 in DUNE, based on 103 events:



Fourier Analysis

• Performing discrete Fourier transform 

• An example for 2 − 𝜎 Indication for 𝑚𝜙 = 4 ⋅ 10−19𝑒𝑉 with 𝜂 = 0.1: 

Monte-Carlo simulation



Analytic Solution

• To increase signal significance:
• Increase Δ𝑡
• Probe energy bins with large 𝜖(𝐸)
• Probe energy bins with large 𝑁𝑒𝑣𝑒𝑛𝑡𝑠
• Probe energy bins with < 𝑃𝛼𝛽

0 𝐸 > close to 0 or 1.  



Results



Thank You!


