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NO delay is required for a contraction,

the structure is only marginally stable



Sequence of events that lead to the collapse

The passage from an NSE configuration to another one of higher T,p and
lower Ye absorbes energy and hence speeds up the contraction.

Electrons become relativistic degenerate, so that y=4/3

The weak processes substract electrons and hence pressure.

The reduction of the pressure worsens the problem because it translates in a
further contraction, electron more relativistically degenerate and stronger
weak processes.

The Chandrasekhar mass reduces because Mcy= 5.76 (Y¢)?

No configuration equilibrium exists any more and the collapse starts



Basic core collapse scenario

The inner 0.7-1 Mg starts collapsing

The collapse stops only when matter
reaches the nuclear densities:

Si exhausted core
(Fe core)
3
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because at this stage matter becomes incompressible

If we assume that the density is constant throughout

the collapsing core, we can easily estimate the final
radius of a giant “NUCLEUS” of 1 Mq:
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If, for simplicity, we assume constant density: =— | ——dm=—=
R 5 R
3 o e 1 ol 53
final [ R R,-,,,-t,-al) 5 1.610 erg

(assuming a radius of 10 Km)



Is this energy enough to drive a successful explosion?
Inventory:
Initial pot: 1.6-10¥ erg M '

0-3 6:022- 10*

A E=(28MP+ 28M , — M(“Ni)) 1.49-1 1.989-10*=1.7-10"erg M ;'

e 6.022-10%

AE=(M,—M_,—M,)1.49-1 1.989-10*=1.5-10" erg M’

66.022-10%

A E=(20)1.6-10" 1.989-10*=3.8-10"erg M’

The energy available to drive the explosion'is therefore given by:

1.6-10°-1.7-10"-1.5-10"' - 3.8-10% =



Is this energy enough to drive a successful explosion?

Inventory:

... SO0 we are left with =~

B|nd|ng energy of the mantle as a function Observations show that some kinetic energy
of the mass coordinate is provided to the ejecta and it ranges,

roughly, between:

10" —10% org

So in principle there is plenty of energy
to drive a successful explosion!




Basic core collapse scenario

Unfortunately most of the energy gained during the collapse is emitted as v and not as y!

The reason is that, the relative proportions between P and N in the giant “nucleus” are
kept at their equilibrium value by the two very efficient processes :
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The mean free path A between two successive interactions between the
particles i and j is given by:

Where «, the “opacity”, may be

A= | expressed in terms of the probability ik NA
Fos K ojj that an interaction between the K= A O-V A
P particles i and j occurs:

The basic interaction between n and nuclei A is given by the neutral
current coherent scattering , whose cross section is given by:
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Basic core collapse scenario

What it is even worst is that the shock wave lose a large amount of energy on its way out:
The reason is that it fully photodisintegrates matter as it advances in mass.

For example: ¥Fe => 30 n + 26 p requires the absorbtion of 7.87 10 # erg (492 MeV)

8.47 10" erg/gr => 10~ erg/0.1 M,




In spite of the many efforts, no successful explosion has
been obtained yet

surface

Fe core

Escamotage:

Since the explosion is not obtained “naturally” a few
assumptions are unavoidable:

1) Energy deposited in the shock front

2) Formation of a shock driven convective zone



Three different tecniques have been used up to now:

surface

Nl .

e The piston (Woosley and coworkers)

/ l \ The thermal bomb (Nomoto and coworkers)

The Kinetic bomb (Limongi and Chieffi)

_

Fe core



BASIC PROPERTIES OF THE SHOCK WAVE AFTER IT HAS ESCAPED THE DENSE FE CORE:

4
RADIATION DOMINATED: ‘ E=—mraTl"

3
ADIABATIC EXPANSION: ‘ T =const-r*
1 CONSEQUENCE:
\ The peak temperature of the blast wave does
/ not depend on the stellar structure.

A simple but quite effective computation of the
explosive yields may be obtained by assuming:

/ \ T(t)_T —tlT

= * peak €

T=(24xt G)_O'Sp_ﬂ'5

peak



Basic properties of the explosive burnings
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The typical burning timescale for the destruction of any given nuclear specie is given by: 7; = | —

&



CHARACTERISTIC EXPLOSIVE BURNING TEMPERATURES

The timescales for the destruction of H, He, C, Ne, O and Si are
determined by the these nuclear reactions:

He burning: «a(2a,v)'?C

C burning: '?C(*C, a)?*Ne
Ne burning: 2Ne(~, a)!°0
O burning:  160(160, )?®Si

Si burning: %%Si(y, a)**Mg

and in general are functions of temperature and density: 7; = Bel o)

T
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CHARACTERISTIC EXPLOSIVE BURNING TEMPERATURES

If we take typical explosive burning timescales of the order of 1s

Topeak = 1.9 |Explosive C burning

T9 peak 2 2.1 |Explosive Ne burning

T peak = 3.3 [Explosive O burning

T9 peak 2 4.0 [Explosive Si burning
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Let's come back to the exploding star. Since a self consistent determination of the
energy escaping the Fe core is not yet available, we are forced to fix “by hand” a value

The energy of the shock wave is fixed by imposing that some “observable” is reproduced:
usually
the kinetic energy of the ejecta
and/or
the amount of $Ni ejected

General considerations

(4]
-

Log(Ebind)

- Basic definitions:




velocity

Very schematically:

Remnant mass

time



FALL BACK AND FINAL REMNANT

At PreSN Stage
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Final Kinetic energy = 1 foe (105 erg)
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Yield
M

Production factor ‘ PF=X

initial ejected

PF>1 (produced) PF< 1 (destroyed) PF=1 (untouched)

A flat PF factor implies that the initial relative scaling among the various nuclei is preserved

This means that an initial scaled solar distribution is preserved if the PF is flat

Since the solar chemical composition mainly reflects the ejecta of star having “quasi” solar c.c.,

a “roughly” flat PF should be typical of a generation of stars having a solar metallicity

A natural, robust “leader” nucleus is '* O because it is certainly produced only by massive stars
and it is also the most abundant nucleus in nature (beyond H and “He)

If a nucleus has a PF at same level of that of the O, this means that it comes from massive stars only

If a nucleus has a PF larger than that of the O, this could be a problem since it would imply that it
is overproduced (note however that “secondary” nuclei must be slightly overproduced)

If a nucleus has a PF lower than that of the O, in principle this would simply mean that massive stars
are not the main producers of that nucleus
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Dots:

Salpeter Mass Function

Solid line:

Flat %Ni => 0.05 M,
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H
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He(*He)— H
C("”C)—He
N(“N)-H
0('°0)— He

F (" F) Destroyed by H
Ne(* Ne)—C
Na(* Na)—C
Mg(*Mg)-C

Al Al)-C
Si(*8i)-0,,Si,,
P(* P)-C,,Ne,
S(*s)-o0,,Si,,
ci(*cn-c,,Ne,
Ar(*Ar)-0,,Si,,

K(PK)-o0,
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