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:SK, T2K, KamLand: Sweat
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EJ]/ Progress report of : Updated v reactions in 3D code |
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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 (2022), et al. MNRAS(2022)
v 9-20 solar mass progenitors (Sukhbold et al. (2016), Initial B-field: 10'°G (uniform), Non-rotation)






















Nakamura, Takiwaki, KK in prep (3D-MHD) | c/l}‘) Eliu/rrovaS+20 (3D-non MHD!
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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
ofa27 M, ) lceCube,10kpc

Power spectrum
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SASIFrec ~.z] Rapid Rotation
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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!




v" Inclusion
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prospects

Binaries are

Effectively
single
~29%
Envelope ions are

Shunsaku Horiuchi (\fg

Strlpp|ng ded here,
can be

er

or CE ~14%




Horiuchi, Kinugawa,Takiwaki, KK (2021) MNRAS
v Inclusion of binary treatment leads to improved (20%) detection prospects
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SK-Gd [/yr] HK [/yr]

Normal Inverted Normal Inverted

No binary evolution 2.7 2.4 6.2

_ ) _ _ ) **mportant:
B}l‘lt‘ﬂ}-’ al = [:l.l E.:{tl‘fq.mlatcd 1. 4.6 1 14 12.0 black hole
Binary a4 = 0.1 Fiducial 6.4 7.1
Binary a4 = 0.1 No rotation 2.2 5.5 6.2

contributions are
not included here,
Binary a4 = 1 Extrapolated 3.8 3.8 9.1 9.9 real rates can be
Binarv al = | Fiducial 6.3 7.0 even higher
Binary a4 = 1 No rotation 5.5 6.4

Shunsaku Horiuchi (Virginia Tech)



3D-MHD Numerical relativity (GR) simulatin for a 20 solar-mass star

Kuroda , Takiwaki, KK, Alcones, MNRAS (2020)
v/ Strongly magnetized and rapidly rotating model

« Cylindrical rotational law

R§
of s20 solar-mass star (Woosley and Heger (2007)) Q=Qurpy Q= l@ds) (5~ 1%)
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v 11 = =
W v First MHD-driven jets in full 3D-GR MHD
In 3DGR context,
|  with multi-energy neutrino transport ! o
(The Valencia and CEA CCSN group also world-leading! e

Ob Obergaulinger & Aloy (2019, 2020, 2021), Bugli et al( 2021) " *I L ¥
M Moesta et al. (2014), GR-MHD with leakage scheme) g *

v ArI v Analysis of GW and v predictions underway ! 1— oookn > | 48




Started from wrong? Multi-D stellar evolution possible !

"~ Mueller et al. (2016))
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Caveat2. QCD phase transition could power explosion
If “first-order” phase transition to the quark-gluon phase takes place... then

__________ ; P o v Original idea:
T Takahara & Sato (1988)
Gentile et al. (1993)

.....
quark-gluon
plasma

black hole
formation

hadron-quark
mixed phase

t ~ 0 (core bounce)
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Distinct second burst signals in GW and neutrinos:
a smoking gun of the phase-transioninduced explosion !
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assists the explosion onset |

(Mori, KK, Takiwaki (2022) PRD, Fischer et al. (2017), PRD, Lucente et al. (2020), JCAP)

Axion-photon interaction: ., = —11;,” aF* E,, Exp|05|on energy
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Axion production processes:

Primakoff process Photon coalescence
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Axion cooling and heating: Shock radius w/ m,=200 MeV:
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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 |

e A B T,

on 3D M D supernova modeling:
time mo Ulatlog of v and GW v Physics of cgirectlwre v oscillations
pravides the smoking gun (BFRYEFRE#RERIRE, UJEE?SAJ)
of the supemov}he gine ! / Detailed Weak Interactlons/ new physics
(e.g., SASI vs. conve o ~incl. axions

T T R (seé’ work by Mor|+(2022), Lucente+(2021))
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