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Ultimate goal: 7D Boltzmann transport in full GR MHD
hydrodynamics with increasing microphysical inputs !
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2D IDSA simulation of 20 M_,, (Woosley and Heger (2007))
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v Quantitative GW neutrino signal prediction, the updates in opacities mandatory!
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Many more 3D modeling with MHD possible !!!
, Takiwaki, KK MNRAS (2022), et al. MNRAS(2022)
v 9-20 solar mass progenitors (Sukhbold et al. (2016), Initial B-field: 10'°G (uniform), Non-rotation)
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v Neutrino detection rate at SuperKamokande and HySerKamiokande
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Impact of Stellar Rotation of SASI-modulated v and GW signals

rotating collapse 100
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'. Peak fr¢quenC|es become higher with
progemtor rotation !

becadse rapid rotation leads to rapidly
ro/atmg PNS and neutrino sphere.

9@0 KM (found in simplified 3D model

by Takiwaki and KK (2018)).
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Correlation of v and GW signals from a rapidly rotating 3D model

Neutrino event rate (27 M, Q, = 2rad/s) Takiwaki, KK, Foglizzo, (2021}
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v Peak frequency of the GW signals (f,,, ) is
twice of the neutrino modulation freq (f,,.utrino ) ! due quadrupole GW emissian
v Also the case for non-rotating progenitor, f,.,ino, sas”~80 Hz, QUIZ f,,, ~80 or
v Coincident detection between GW and v smoking gun signature of rapid core
rotation!




3D-MHD Numerical relativity (GR) simulatin for a 20 solar-mass star
Ku rOda, Takiwaki, KK, Alcones, MNRAS (2020)

v-transport







Started from wrong? Multi-D stellar evolution possible !

"~ Mueller et al. (2016))
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Distinct second burst signals in GW and neutrinos:
a smoking gun of the phase-transioninduced explosion !
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Impact of axions on CCSN mechanism

(Mori, KK, Takiwaki (2022) PRD, Fischer et al. (2017), PRD, Lucente et al. (2020), JCAP)
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v/ Axion cooling/heating is implemented in 1D model !
v/ Could boost under-energetic 3D models to “1-Bethe”ish !



CCSN simulations, neutrinos and GWs at the cross-road |

on 3D1\7| D sgpernova modeling:..
time mo ulatlon of vand GW
provides the smoklng gun

“(talks by Lucas John, Basudeb Dasgupta !)
v/ Detailed Weak Interactions/ new physics
incl. axions (see talk by Igor Irastorza)
(see work by Mor|+(2022),,Lucente+(2021))
/ Mﬁlfi D progemtor modelmg (Yoshida,
‘Mueller)
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