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e Powell & Muller 2021

e Pulsational pair instability SN = Long lasting SASI
e Neutrino hydrodynamics code COCONUT-FMT

e No rotation, no magnetic field
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Recap about the post bounce structure

e Shock propagates, then quickly stalls at ~150 km
* T'gain : defines heating and cooling region

* 'y: radius of maximal deceleration

e "PNS ~30-50 km
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Basics about Standing Accretion Shock Instabillity

SASIimpacts
neutrinos and GWs !

Physical ingredients involved :

cooling, spherical geometry

Instability at large angular scale (low £)
Advective-acoustic cycle under shock radius
Low frequency : ~ 100 Hz

Perturbative estimate of SASI frequency :

Foglizzo 2026

Missing_ones : dissociation,
heating, non linearities, GR




Goal of this work

e Identify hydrodynamic instabilities in the numerical simulation
e Identify the key missing physical ingredients of SASI formulae from Foglizzo 2026
e Compare neutrino and GW signals : which mode drives them ?

> Frequencies
> Time onset



Shock evolution : two hydrodynamic regimes Angular scale of the most
energetic transverse motions
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GW signal : spectrogram & radial location "~ " GW Signal — z85 SFHx total (h. )
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GW signal : comparison with Foglizzo 2026 model
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Neutrino vs GW : frequencies
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e 2100 SFHo GWs are
consistent with nonlinear
£=1 oscillations

e 285 SFHXx GWs are
consistent with £=2
oscillations



Neutrino vs GW : simultaneity
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SASI motions can excite both =1 and £=2 modes
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e z100_SFHo : non simultaneity
in vand GWs for SASI !

e z85 SFHx : vand GWs emits
simultaneously

e Neutrinos are poorly sensitive

to £=2 modes




Open questions & Discussion

11

Identification of two successive hydrodynamic regimes at
different angular scales.

SASI-related GWs can be produced by both =2 and 2x£=1
modes, depending on the progenitor.

Comparing SASI signal to analytical formulae should help us
understand the impact of missing physical ingredients.

Conclusions of this work should be tested on other numerical
simulations, including rotation.
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Structure of the post-bounce phase : convective gain region

e Gain region : heated by neutrinos shock

e Negative entropy gradient :
unstable to convection

Gain region

Cooling region

e Small angular scale (high £)

e Growth rate w3y — R et

B. Muller, 2025
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