Simulations of massive star explosions driven by a
: first-order QCD phase transition |
signal and gravitational wave mode analysis
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Global Picture

Massive stars

(Proto)neutron stars
(very strong gravity)
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Energy released: AEq ~ 3 — 6 x 10° erg — (Ve, Ve, Vyyjry Vyuyr)

(Proto)neutron star is a hot and isospin (A)pns = 0.5 — 1.5 Mg
asymmetric “heavy nucleus” with large
atomic mass (1 Mg = 1.9891 x 10%° g)

Exception: gravity (!)



time: 172.4183 ms before bounce
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time: 0.41145 ms before bounce
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charged current reactions
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e +p = n+r,
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elastic scattering
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Inelastic scattering
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Adam Burrows et al 2020 Mon Not R Astron Soc,491,2
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Black-hole formation: Two distinct scenarios

Prompt

——t— tcollapse
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Jakobus et al., MNRAS, 516, 2554 (2022)
Khosravi Largani et al., ApJ 946, 143 (2024)
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Fischer et al., Nature Astron. 2, 980 (2018)

v — sighal @ Super-Kamiokande (d ~ 10 kpc)
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Kuroda et al., ApJ 924, 38 (2022)
Zha et al., PRL 125, 051102 ( 2020)
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Khosravi Largani et al., ApJ 946, 143 (2024)
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Khosravi Largani et al., ApJ 946, 143 (2024)

Progenitor EOS  tpurst D peak (E3,) Eexpl
RDF S| [10°% erg s~ 1]  [MeV] [10°1 erg]

s25a28 1.9 0.345 0.36 38.99 4.21
s30a28 1.2 1.056 4.80 50.21 1.93
s30a28 1.8 0.833 H.64 42.21 2.00
s30a28 1.9 0.580 8.30 43.49 3.28
s40a28 1.2 0.895 4.15 38.60 1.59
s40a28 1.8 0.717 2.00 39.77 1.23
s40a28 1.9 0.491 4.28 39.94 3.31
s40.0 1.8 0.694 H.01 43.03 2.32
s40.0 1.9 0.443 8.92 48.69 3.79
ub0 1.1 1.227 3.90 20.99 2.3

ub0 1.2 0.819 5.37 30.19 3.8

s75.0 1.2 1.803 3.00 34.35 1.0




Khosravi Largani et al., ApJ 946, 143 (2024)

Pcollapse [1014 g Cm_g]
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Khosravi Largani et al., ApJ 946, 143 (2024)

Pcollapse [1014 g Cm_g]
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