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Matter effects
(e.g., MSW resonances)

Collective effects
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Fast & collisional instabilities
appear to be widespread in
core-collapse supernovae &

neutron star mergers.
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ntum kinetic equation (QKE) is computationally intr

posed solution:

coarse-grained transport theory based on local mixing equilibri

hns, 2306.14982 (Thermodynamics of oscillating neutrinos)
hns, 2401.15247 (Subgrid modeling of neutrino oscillations in astrophysics)
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Length scales, coarse-grainings, & transport theories

Microscale Mesoscale Macroscale
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iscidynamic equation
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miscidynamic equation

& eq _ ;eq Evolution is driven b
t TP 61-) p ZCHGH collisions & astrophy

gradients.

with C' = Cuni + Cnﬂn

unitary non-unitary

What changes need to be made to current simulations?

(1) Distribution functions — Density matrices.
(2) Add off-diagonals to collision terms.
Re-equilibrate p after each step.




ino quantum thermodynamics might explain why
ves near local mixing equilibrium.
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First law of thermodynamics

AU =W 4+ @Q
with W and Q appropriately defined.
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here it’s easy to show that quantum adiabatic etfe
MSW, spectral swaps) are adiabatic processes i
namic sense as well.
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Application to fast flavor conversion will
equire further development of the theory.




Current status of miscidynamics

» The adiabatic theory (this talk) is largely complete
& simulation-ready.

» The nonadiabatic theory is still being developed.
» The nonadiabatic theory is definitely needed for

some models, but it’s unclear whether it’s needed
for astrophysics.

of oscillating neutrinos)
trino oscillations in astrophysics)
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