The Flavor Pendulum in Collective Neutrino Oscillations
And The Role of Collisions in Flavor Instability
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Neutrinos come in three different flavors and masses. Each of 2-Flavor (Anti)Neutrino as a Spring-Coupled Oscillator The basics of collective neutrino oscillations and the flavor
pendulum were established in previous works [3-7], so we start

from the 1-D equation for neutrino transport in Johns (2021) [8]:

(O +V-0x+pP-0p) = |H,pl+:C (1)

these masses is in a different superposition of the 3 flavor states, A2 2 2
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and vice-versa. Due to the mass difference, the wave packets of

the mass states evolve out of phase. This causes an oscillation in

the expectation value of the flavor state of the (anti)neutrinos, as

discovered by Bruno Pontecorvo in 1957. The hamiltonian term includes the vacuum oscillations and the

neutrino-neutrino scattering: H = (£)wB + u(P — P). Where
B = (sin20,0, —cos26), w = Am?/2E,,and i = v2GF.

The mixing between any two

of the three flavors is given by

J - We consider a 2-flavor ensemble of (anti)neutrinos with energy
Collective Flavor Oscillation E, =20MeV, Am?*=24-10%eV ;% and = n/2 — 107*
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the 3 mixing angles 6; ;. We

can simplify to a 2 flavor

system assuming that most

Defining p and the initial neutrino density of the system:
p=(Py+P-0)/2| Py0)= (n, +ny,.)/2
=1 [P0)=(0,0,[P(0)]) = P(0) = (n, —ns,)/2

conversion happens between

those 2 flavors. Then, only one

mixing angle is required, which -

allows us to make the 2-flavor
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resolving in an isotropic setting. Using T, = (T £ T1%)/2,

Mechanisms of The Flavor Pendulum Numerical Simulation Examples the equations of motion are:
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Figure 7b. Plot Figure 9. Synchronized mode Figure 10. Collisional instability plot




