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Neutrinos

• Neutral leptons

• Weakly interacting

• Three flavors



Importance

• Most abundant particle in the universe

• Present in many astronomical settings

• Early Universe/nucleosynthesis

• Stars

• Supernova Explosions

• Black holes and neutron stars



Neutrino Oscillations

• Massless? no

• Flavors composed of mass eigenstates

• If they have different masses, they can change flavor

e.g.



Neutrinos in Dense Media

• Cannot neglect neutrino interactions in astrophysical setting – too dense

• Want to know the nature of oscillation over time

NASA, ESA, J. Hester and A. Loll (Arizona State 
University)

V. Cirigliano



Two Approaches

Quantum Many 
Body Approach

Quantum Kinetic 
Equationsvs.
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Simplifications

• Two flavor model

• No antineutrinos



Toy Model

• Supernova Environment

• 35 available momentum bins – discretized

• 10 neutrinos: 6 𝜐𝜐𝑒𝑒, 4 𝜐𝜐𝜇𝜇



Quantum Kinetic Equations (QKEs)

drift and 
force term

vacuum 
mass and 
forward 
scattering 
terms

inelastic 
collision 
term
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Vacuum Mass Term



Forward Scattering Term



Collision Term
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Results: No Coherent Evolution
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Comparison Between Solutions



Results: Coherent Evolution



Results: Flavor Evolution



Comparison: Flavor Evolution

• Many body

• With collisions

V.  Cirigliano, S. Sen, Y. Yamauchi (2024)



Occupation Number vs. Energy
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Future Work

• Collision term

• Compare with quantum many body approach



Thank you!

Special thanks to my advisor, 

Vincenzo Cirigliano; the REU 

organizers, Gray Rybka and 

Arthur Barnard; and my 

amazing REU cohort!
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