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Neutrinos

* Neutral leptons
* Weakly interacting

* Three flavors

Standard Model of Elementary Particles

three generations of matter

interactions / force carriers
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Importance

Most abundant particle in the universe

Present in many astronomical settings
Early Universe/nucleosynthesis
Stars p—|—e_ — n -+ v,
Supernova Explosions

Black holes and neutron stars



Neutrino Oscillations

Massless? no

Flavors composed of mass eigenstates
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Neutrinos in Dense Media

« Cannot neglect neutrino interactions in astrophysical setting - too dense

« \Wantto know the nature of oscillation over time

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



Two Approaches

Quantum Many Quantum Kinetic
Body Approach Equations
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Simplifications

e Two flavor model
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Toy Model

* Supernova Environment

« 35 available momentum bins - discretized

* 10 neutrinos: 6 v,,
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Quantum Kinetic Equations (QKEs)
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Vacuum Mass Term
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Forward Scattering Term DR
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Collision Term

ey = (§7) v ST Ga i 1y )1 -5

7ip| + Inzl Inal
x s 0((17ip| + I7iz| = Iis])* — njz —ng,)

U] + 7] = [7isl)? =3, —n3,
X (5 — — — 2 2 2 T 5 2 )
iz (17p 4172 =|7is))2—n3, —n3, — “naz,— /(1| +Ifi2]=|7is])2—n3, —n3,

. { 1T = 1)+ Te(faT = £2))] S5 = £) + T = f) s [(I — )+ T (T = f2)12)]

— U= f+ T (T = f)£2)| = f3)fp = T = f3) [T = f2) + T (T = f1)] }



. Introduction
ii. Quantum Kinetic Equations
iii. Results

iv. Future Work




Results: No Coherent Evolution

Solutions
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Results: Coherent Evolution

f 1 solutions

f 6 solutions
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Comparison Between Solutions

Probability

f 1 solutions
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Results: Coherent Evolution




Results: Flavor Evolution

Flavor evolution
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Comparison: Flavor Evolution

Many body

With collisions
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Occupation Number vs. Energy

Momentum bins

Occupation Number vs Energy at t=20
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Future Work

* Collision term

+ Compare with quantum many body approach
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