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Overview

*‘How does a core-collapse supernova work?
*GW generation in core-collapse supernovae
*Neutrino flavor conversions

‘Results from simulations in axial symmetry (2D)

Outlook and summary




How does a core-collapse
supernova work?
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Some numbers (back of the envelope):

2
CMys ~ 10> erg

gravitational binding energy of the PNS: £ ~

gray
RNS

mean energy of neutrinos: (¢,) ~ 15 MeV (measured from SN1987A)
E o 1058

gray

(€,)

number of neutrinos Ny ~

kinetic energy of a supernova: ~ 10°! erg (measure spectra)
g

radiation energy of a supernova: ~ 10+ erg (integrate light curve)

energy of gravitational waves: ~ 104 erg (predictions)




Neutrino luminosity and mean energy at 400 km

100 200 300 400 500
top [MS]




Neutrino luminosity and mean energy at 400 km Production (cooling):
Thermal (flavor blind):

ett+e > v, 41,
Charged current (e only):
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Neutrino luminosity and mean energy at 400 km Production (cooling):
Thermal (flavor blind):

ett+e > v, 41,
Charged current (e only):
pt+te —-n+vu,
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Interaction (heating):
All flavors: scattering

v, +et'"Ipln — v, + et Ip/n

Electron flavor: absorption
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Gravitational Wave generation in
core-collapse supernovae
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Gravitational waves in core-collapse supernovae

accreting flow
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Neutrino flavor conversions
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electrically neutral, left-handed particles that only take “
part in the weak interaction.

What consequences does this have on the our ability to
study neutrino-neutrino interactions? | am especially
interested in interactions that can lead to flavor changes.
Please generate an image for me that | can use for my
talk at the workshop: "The future is whispering"

e

R ——————————— o ——————— e tm




A short digress: Neutrinos and their Interactions

e ——————

—

— e ———————

—

| want to know about the implication of neutrinos being
electrically neutral, left-handed particles that only take “
part in the weak interaction.

What consequences does this have on the our ability to
study neutrino-neutrino interactions? | am especially
interested in interactions that can lead to flavor changes.
Please generate an image for me that | can use for my

talk at the workshop: "The future is whispering"
S ————————————————

e

R ——————————— o ——————— — A

————

Here is the image you requested: A futuristic abstract
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visual elements suggesting flavor changes. Hyper-
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— G¥ = §% gives SM
— non-SM interactions: neutrinos of different flavor
vector mediator of mass my,, coupling strength gy, with |G* | o go/ms




A short digress: Neutrinos and their Interactions

Neutrinos only take part in the weak interaction
— very hard to measure properties

“Only neutrino” interactions £ D GF[G“ﬁDayﬂvﬂ] [G‘fﬂﬂéyﬂvy]
— G¥ = §% gives SM
— non-SM interactions: neutrinos of different flavor
vector mediator of mass my,, coupling strength gy, with |G* | o go/ms

Non-SM couplings are poorly constrained!

see Abbar, 2023
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Results from simulations
In axial symmetry (2D)
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Fluid velocity [1000 km/s]




Convection in PNS enhanced by a
factor of a few!

Convection develops much earlier!

Impact on GW emission?
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— enhanced PNS convection leads to GW emission
during the “quiescent phase”
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Outlook and summary




The Future Is Whispering!

=»GW emissions from CCSN are more quiet and noisy
= Flavor conversions can influence GW emission

= Early activity in the GW signal as a new feature

= A new window to BSM physics by multi-messenger approach




