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Global Picture
Massive stars

Core of massive stars
(weak gravity)

(Proto)neutron stars
(very strong gravity)

4EG ' 3� 6⇥ 1053 erg �! (⌫e, ⌫̄e, ⌫µ/⌧ , ⌫̄µ/⌧ )Energy released:

(Proto)neutron star is a hot and isospin 
asymmetric “heavy nucleus” with large 
atomic mass

Exception: gravity (!)

hAiPNS = 0.5� 1.5 M�

(1 M� = 1.9891⇥ 1033 g)
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(a)

 flow constraint 12

 symmetric matter (T=0)
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 flow constraint 12

 symmetric matter (T=0)

Ye = 0.5
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(b)

Supernova matter (S=3)
Ye = 0.3
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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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70 M� (zero metalicity): failed
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50 M� (solar metalicity): QCD
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9.6 M� (low metalicity): ⌫-driven
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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

 K
ho

sr
av

i L
ar

ga
ni

 e
t a

l.,
 A

pJ
 9

46
, 1

43
 (2

02
4)



0 0.5 1 1.5 2 2.5 3

4

5

6

7
RDF-1.1 (u50)
RDF-1.2 (s30a28)
RDF-1.2 (s40a28)
RDF-1.2 (u50)
RDF-1.2 (s75.0)
RDF-1.8 (s30a28)
RDF-1.8 (s40a28)
RDF-1.8 (s40.0)
RDF-1.9 (s25a28)
RDF-1.9 (s30a28)
RDF-1.9 (s40a28)
RDF-1.9 (s40.0)
fit

 K
ho

sr
av

i L
ar

ga
ni

 e
t a

l.,
 A

pJ
 9

46
, 1

43
 (2

02
4)



0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

2

3

4

5

6

7

8

9
 K

ho
sr

av
i L

ar
ga

ni
 e

t a
l.,

 A
pJ

 9
46

, 1
43

 (2
02

4)



1 2 3 4 5 6 7 8 9
3

4

5

6

7
 K

ho
sr

av
i L

ar
ga

ni
 e

t a
l.,

 A
pJ

 9
46

, 1
43

 (2
02

4)



20 25 30 35 40 45 50 55 60
3

3.5

4

4.5

5

5.5

6

6.5

7

7.5
 K

ho
sr

av
i L

ar
ga

ni
 e

t a
l.,

 A
pJ

 9
46

, 1
43

 (2
02

4)




