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The matrix of dengities (3+3+1)
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What are fast flavor eonversiong?

 New instability, growing at a rate
proportional to the neutrino density of the
medium.

e Large flavor conversions, with a rate
u~10w.

e Different radii of decoupling of Vs due to
different rates of interaction. Leads to
crossing in angular spectra.

* Such crossings are believed to be
essential for these conversions.

e QOccurs almost above the neutrinosphere.

Sawyer (PRD 2005,2009, PRL 2016)

Chakraborty, Hansen, Izaguirre, Raffelt (JCAP 2016)
Dasgupta, Mirizzi, Sen (JCAP 2017, PRD 2018)
|zaguirre, Raffelt, Tamborra (PRL 2017)

Abbar, Volpe (Phys.Lett. 2019)
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Why can this play a erucial role?

Flavor conversions in the deepest region influence heating behind the
stalled shockwave, helping a SN explode.

Large flavor conversions can affect the heating rate, by converting
energeticy, to v, .

Alters the n/p ratio through
_|_
v,p—>ne
v,n —> pe
This can have effects on r-process nucleosynthesis.
All further flavor information could be washed-out. Crucial to predict

observable SN v, signal.

However, can collisions play a spoilsport?



What role does collision play?

e Fast conversions require a crossing in

the v, — 1, spectra.

e This requires to v, and 1/, to have
different collisional rates.

e Question: collisions are important to
create the conditions for fast
conversions, but do they damp these
oscillations?

Are collisional and free-streaming wel
separated?

« Clo]l=1{T',,0"" —0,}

Capozzi, Dasgupta, Mirizzi, Sen, Sigl (PRL 2018)
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Tamborra, Hudepohl, Raffelt, Janka (Astr. 2017)



Toy model: the 2 beam
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Divide the SN envelope in 3 regions

Normalized collision rates
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Collisions and Osecillationsg: 1Ol

Free propagation
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All modes reach equilibrium values. No Oscillations.



Collisione and Ogeillations: 201
pr = va — 0‘1luysph

H = /’tysph

Crossings lead to fast conversions
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Fast oscillations develop, but system quickly equilibriates.



Collisions and Osecillationg: 301
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Fast conversions are sustained. Gradually reach the free-
streaming zone.




Summarizing

Fast flavor conversions could cause a paradigm shift in our understanding of
neutrino flavor evolution inside a SN.

Rapid flavor mixing might alleviate the need to incorporate neutrino quantum
Kinetics in the simulation.

However, neutrino scatterings might change the picture.

Simple toy models suggest that collisions might be inefficient in suppressing
these oscillations.

However, more rigorous analysis is required to come to a conclusive picture.
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