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U(1) Extension of SM
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Effective neutrino-matter interaction

 

2



 

Long-range interaction potential in 

Interaction Range: 
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Total potential
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Heeck et. al. (2011)



 

Effect of Long-range potential

Flavor Oscillation ProbabilityThe neutrino propagation Hamiltonian

For very large distances:

Where flavor ratio at source:
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Flavor transitions with =0 6



 

Flavor transitions with LRI 

● The neutrino flavor transition Hamiltonian

where

● In this case, probability

Flavor evolution with LRI potential
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Flavor transitions with LRI 
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Analysis and Results

 



 

Bayesian statistics

uniform prior

NuFit 5.1
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IceCube-Gen2 Collaboration (2021)
Song et. al. (2021)

Song et. al. (2021)



 

Limits on the LRI potential
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Limits projected on g-m plane
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Summary and Outlook
● We examined the sensitivity to new flavor-dependent interactions between neutrinos 

and electrons and neutrons, both now and in the future.

● The flavor composition of the diffuse astrophysical neutrino flux (νe, νμ, and ντ) 
holds the potential to detect flavor-dependent long-range interactions.

● By analyzing the flavor composition of the diffuse astrophysical neutrino flux, we 
placed constraints on long-range interactions.

● Surprisingly, with the current flavor sensitivity of IceCube and existing mixing 
parameter uncertainties, high-energy astrophysical neutrinos can tightly constrain 
long-range interactions, surpassing existing limits.

● In the next two decades, modest improvements are expected with the same analysis, 
while substantial gains may be achieved by upgrading to utilize higher event rates 
and potential advancements in flavor composition measurement.
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Thank You



 

Back up



 

The potential due to the Earth

We assume matter in the Earth is isoscalar and charge-neutral



 

The potential due to the Moon and the Sun



 

The potential due to the Milky-way galaxy

 Isoscalar and charge-neutral matter:

Density of baryonic matter:



 

● Consider a neutrino at the center of a sphere 
of radius R

● For a constant density of source particles

● To account for the expanding Universe

The potential due to the large-scale Universe
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