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LIGO – VIRGO : Laser Interferometer Gravitational Observatories
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Binding energy Shock wave

Mass-Radius relation

Density profile

Fraction of the gravitational energy 

released by the collapse of the Fe core
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The hydrostatic evolutionary history of a massive star
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He shell

H shell
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“Fe” core

Si shell

To get reliable remnant masses we NEED accurate: 

The hydrostatic evolutionary history of a massive star

Mass-Radius relation

Density profile

Degree of compactness 
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CORE COLLAPSE SUPERNOVAE: ENERGETICS

Combining all the energy required to explain the 

SN display with all the energy lossess we get 

There is plenty of energy to drive a succesful explosion! 

∆Eavailable ≈ ∆Egrav −∆Eloss ≈ 1053 erg
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n diffusion

Neutrino Trapping

n-sphere

ρ ≈ 3 · 1012 g cm−3

n

n

n

n

Stalled Shock

Energy Losses

1 x 1051 erg/0.1M
�

“Prompt”shocks eventually stall!
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Cooling region

Gain region

50 100 200 km

CORE COLLAPSE SUPERNOVAE: EXPLOSION

In spite of the many efforts, just a few successful 

explosions have been obtained up to now, but only 

towards the lower end of the massive stars: 9-10 M⦿.
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CORE COLLAPSE SUPERNOVAE: EXPLOSION

In spite of the many efforts, just a few successful 

explosions have been obtained up to now, but only 

towards the lower end of the massive stars: 9-10 M⦿.

deposit by hand energy to 

trigger the shock wave

Escamotage:

Just assume that the shock 

wave comes out of the Fe core

Three different techniques adopted:

The piston (Woosley + )

The thermal bomb (Nomoto +)

The kinetic bomb (Limongi & Chieffi)
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V=0[Fe/H]=0

2015 Pejcha & Prieto ApJ 806,225

ξ" =
$"($⦿)

("(10
3 ,-)

Compactness parameter .
(O’ Connor & Ott 2011, ApJ 730,70)

Best value  è i=2.5 M⦿

Sukhbold+ (2016) ApJ 821, 38



Frontier Objects in Astrophysics and Particle Physics                                                                        Vulcano 20/26 May 2018                                                                                                               21/5/2018

Our current recommended scenario is:

Mixing and fall back as suggested by Umeda & Nomoto (2002):

Inner border fixed by requiring [Ni/Fe]=0.2

Outer border fixed at the base of the Oxygen burning shell

Mass of the remnant fixed by requiring the ejection of 0.07 M⊙ of 56Ni

13 ≤ M(M⊙) ≤ 25

25 < M(M⊙) ≤ 120

Mass of the remnant equal to the current mass at the core bounce
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Initial mass – remnant mass relation  
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Classical binary evolution
Over-contact binary evolution

Dynamical formation of a BBH

Courtesy Mirabel (2017) NAR 78,1

Scenarii proposed to explain GW150914
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Conclusions

Be very, very careful when you read (or listen) about the

Remnant mass – Initial mass relation

…

You risk entering a fairy world  
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