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Objective: 
“Quark matter exists in 
massive neutron stars” 

“1st – order phase transition”
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Eexpl = 3× 1051 erg
MNS � 2 M⊙
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Black-hole formation: Two distinct scenarios
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These systematic distinctions may put a constraint on the hybrid EoS 
<latexit sha1_base64="HwYE2mM2jskfd//Mrm1HKwQYPxI="></latexit>

Progenitor EOS tburst L⌫̄e,peak hE⌫̄ei Eexpl

RDF [s] [10
53

erg s
�1

] [MeV] [10
51

erg]

s25a28 1.9 0.345 6.36 38.59 4.21

s30a28 1.2 1.056 4.80 56.21 1.93

s30a28 1.8 0.833 5.64 42.21 2.66

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 2.06 35.77 1.23

s40a28 1.9 0.491 4.28 39.94 3.31

s40.0 1.8 0.694 5.61 43.03 2.32

s40.0 1.9 0.443 8.52 48.69 3.79

u50 1.1 1.227 3.90 26.55 2.3

u50 1.2 0.819 5.37 36.19 3.8

s75.0 1.2 1.803 3.06 34.35 1.0
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Gravitational waves

Kuroda et al., Astrophysics. J., 924, 38 (2022)  
Zha et al., Phys. Rev. L., 125, 051102 ( 2020) 
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<latexit sha1_base64="m2ohI7cp/kO8Pu1gSW0UVEoTxY8=">AAACInicbZDLSgMxFIYz9VbrrerSTbAIFaXMtFJ1IRTduKxgL9CpQybNtKHJzJBkpGXos7jxVdy4UNSV4MOYmXah1QMJH/9/Dsn53ZBRqUzz08gsLC4tr2RXc2vrG5tb+e2dpgwigUkDBywQbRdJwqhPGooqRtqhIIi7jLTc4VXit+6JkDTwb9U4JF2O+j71KEZKS07+3A446SMntgWHHlWT4ugQXkDkmPBI35Z9PEqhrOGunGIlwUrOyRfMkpkW/AvWDApgVnUn/273Ahxx4ivMkJQdywxVN0ZCUczIJGdHkoQID1GfdDT6iBPZjdMVJ/BAKz3oBUIfX8FU/TkRIy7lmLu6kyM1kPNeIv7ndSLlnXVj6oeRIj6ePuRFDKoAJnnBHhUEKzbWgLCg+q8QD5BAWOlUkxCs+ZX/QrNcsqql6s1JoXY5iyML9sA+KAILnIIauAZ10AAYPIAn8AJejUfj2XgzPqatGWM2swt+lfH1DVACn8I=</latexit>

!fit(x) = a0 + a1 x+ a2 x
2 + a3 x
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Universal Relations

Torres Forne et al., Phys. Rev. Lett. 123, 051102 (2019) 
Mori et al., Phys. Rev. D 110, 109901 (2023) 
Sotani et al., Phys. Rev. D 109, 123021 (2024) 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.109901
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18Xiong et al., PRD 112, 063024 (2025) 
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Fast flavor conversions in QCD driven CCSN
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Objective: 

“Quark matter exists in massive 

neutron stars” 

A “new” approach to mimic PT?



20Kumar et al., Classical and Quantum Gravity (submitted) arXiv: 2607.10396 
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<latexit sha1_base64="UfyKsgdp/kB70HARoOHSHIPV0go="></latexit>

gN →↑ ge!(T, nB) = gN !N (T, nB)

with : !N (T, x) ↓ 1 +”(x) exp

(
→ 1

2x2

)

{x = v (nB → ncut)}

Table 1: Excluded volume parametrisation.

v (fm) ncut (fm
→3) ωaonset (fm

→3) ωbend (fm→3)
2 0.149d 0.268 0.412

a onset density for the phase transition at T = 1 MeV and Yp = 0.3
b end density for phase transition at T = 1 MeV and Yp = 0.3

<latexit sha1_base64="oL6FRvZgbgD9Dp8lIujCrNau2d0=">AAACF3icbVBNS8NAEN3Urxq/qh69LJZC9VCSKupFKHrQYwX7AU0om+20XbrZhN2NUEL9FV78K148KOJVb/4bk7aItj4YeLw3w8w8L+RMacv6MjILi0vLK9lVc219Y3Mrt71TV0EkKdRowAPZ9IgCzgTUNNMcmqEE4nscGt7gMvUbdyAVC8StHobg+qQnWJdRohOpnSsVTMeDHhMx4awnDkdmUZ0f3Q/asSN9fDE6MB0QnR+znctbJWsMPE/sKcmjKart3KfTCWjkg9CUE6VathVqNyZSM8phZDqRgpDQAelBK6GC+KDcePzXCBcSpYO7gUxKaDxWf0/ExFdq6HtJp090X816qfif14p098yNmQgjDYJOFnUjjnWA05Bwh0mgmg8TQqhkya2Y9okkVCdRpiHYsy/Pk3q5ZJ+Ujm/K+crVNI4s2kP7qIhsdIoq6BpVUQ1R9ICe0At6NR6NZ+PNeJ+0ZozpzC76A+PjG1Seni8=</latexit>

(s = 3 kB)
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