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Overview

*Accretion phase of core-collapse event
*Why neutrino flavor conversions?
‘How did we include flavor conversions in our simulations?

‘Results from simulations in axial symmetry (2D)

*Outlook and summary




Accretion phase of
core-collapse event
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Some numbers (back of the envelope):
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Neutrino luminosity and mean energy at 400 km
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Neutrino luminosity and mean energy at 400 km Production (cooling):
Thermal (flavor blind):
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Charged current (e only):
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Interaction (heating):
All flavors: scattering
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Electron flavor: absorption
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Why neutrino flavor conversions?




Propagation Interaction




Neutrinos are quantum particles! Propagation Interaction
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Johan Jarnestad/The Royal Swedish Academy of Sciences, 2015




Neutrinos are quantum particles! Propagation Interaction
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Quantum propagation phenomena
(forward scattering)

Johan Jarnestad/The Royal Swedish Academy of Sciences, 2015




Coherent forward scattering
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Coherent forward scattering

—_— —

H=H, = g_[ dp'[p(p)) — p(PHIA — v - V)

U = \/z GF(ny — nD) -> Sets the scale to cm (ns)




Coherent forward scattering
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— -> Highly non-linear self interaction -> No analytical solution
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Coherent forward scattering

—_— —

H=H, =u|dp'[p(p) —p(pH1d —v - V)

U = \/5 GF(n — n_) -> Sets the scale to cm (ns)

— -> Highly non-linear self interaction -> No analytical solution
H = H(p) ghly yt

—
Jd p/ -> Couples evolution of all momenta -> Computational expensive




How did we include flavor
conversions in our simulations?
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Parametrized recipe:

10 Ves Vo = Uy, Uy

e’

At higher energies:

V..U, — U, U,

Ve Vy Vy Vg Vs

Ny, |a.u.]

before after




Parametrized recipe:

10 Ves Vo = Uy, Uy

e’

At higher energies:

V..U, — U, U,

Ve Vy Vy Vg Vs

=Model independent
=(Complies with conservation laws

= (Computationally cheap

before after




Probe effect in different regions:




Probe effect in different regions:

Use matter density
— not sensitive to reasonable changes of neutrino properties

— still follows the overall dynamical evolution

— clear attribution possible




Probe effect in different regions:

Use matter density
— not sensitive to reasonable changes of neutrino properties

— still follows the overall dynamical evolution

— clear attribution possible

Two most differing cases
» Inside Heating Region (p < ;
* Inside Cooling Region (p <




Results from simulations
In axial symmetry (2D)
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Local heating

500 F = NFC _
1el10

>

e

T~

7))

~—

=

v

=,

-
—o00 | -
—1000 F = 50 ms

] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
25 50 16 100 125 150

r |km]|

From Ehring, et al. 2023a
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Local heating
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Convection in PNS enhanced by a
factor of a few!

Convection develops much earlier!

Impact on GW emission?

Z [km]

Fluid velocity [1000 km/s]
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Outlook and summary




= Flavor conversions influence the dvnamics

=They can help AND hinder explosions

= Flavor conversions enhance
- Heating in gain region
- Cooling in cooling region and PNS mantle
- Convection in the PNS core

= Flavor conversions can amplify GW emission

Next steps:
neutrino signals, nucleosynthesis, “improved”
conversion treatment, ...




