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Let’s enter the advanced burnings...

The central temperature at the central He exhaustion is of the order of
4 10® K and at roughly 8 10° K the next fuel, carbon, starts burning.

But in the mean time....

...as the temperature increases, the peak of the Planck distribution moves towards higher
energies and the number of photons having energy equal to 0.511 MeV (i.e. the mass of the
electrons) increases dangereously.
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When this happens, y+y begin to efficiently N
produce electrons-positron pairs.
/\/\/VV\ v

A blackbody radiation has its maxmum wavelenght at : A, =2.898 103 T ! [m /K]

BUT:

-V Vv
E=hv =hc/A =hcT/(2.898103)=4.310" T [MeV] m\ Central
burning

HENCE:
m\:{

T=E/4310° =0.5/4310°* ==1.1510°K
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Energy budget

6.44 10" erg gr'
5.84 1077 erg gr
1.85 10" erg gr’!
2.89 10" erg gr'

1.88 10" erg gr!

t=E/L
t=1.06 10" (L/L))"* [yr/M,]
t=9.64 10° (L/L,)" [yr/M,]
t=3.0510° (L/L))* [yr/M,]
t=4.7710° (L/L,)"* [yr/M,]

t=3.10 10° (L/L,)" [yr/M,]



L => total luminosity: L

M=80 M, t=E/10°
6.44 10" erg gr-
5.84 10" erg gr
1.85 10" erg gr

2.89 10" erg gr?

1.88 10" erg gr



L => total luminosity: L, + L,

M=80 M, t=E/10°
6.44 10" erg gr-
5.84 10" erg gr
1.85 10" erg gr

2.89 10" erg gr?

1.88 10" erg gr



All the advanced phases are really neutrino dominated...
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Just the main processes in ...
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Ne burning

Typical temperature: 1.3-1.6 BK
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Just the main processes in ...
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Just the main processes in ...
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neutronization

Definition: 0000l SR @ T T T T
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Beyond the O burning

i(j,k)m =

— m(k,j)I

Ri j == Rate of the i(j,k)m process

R, = Rate of the i(j,k)m process

®= (0 means perfect
IRij £ ka | equilibrium

U Max(ry; F ) @ =1 means one process
dominates over the other
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The approach to the Nuclear Statistical Equilibrium
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T=1.9 BK

Beginning of the O burning
Y =0.4987

Almost all the processes
are far from the
equilibrium with their
reverse



The approach to the Nuclear Statistical Equilibrium
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Definition: a CLUSTER is a group of nuclei connected by processes
that are at the equilibrium with their reverse.



The approach to the Nuclear Statistical Equilibrium
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Within each cluster the abundances of the various nuclei depend on their equilibrium with respect to the sea of a and p. Such an
equilbrium abundance is determined by an equation that looks like a Saha equation:

Y(n,z)=f (p,T,a nucleus not in equilibrium)
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The approach to the Nuclear Statistical Equilibrium
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T=3.4 BK

Beginning of the Si burning
Y =0.4955
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The two clusters begin to
merge and form an unique
cluster that starts at A=28
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BSi is not at the equilibrium. It is destroyed by the y,a
photodisintegration
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The approach to the Nuclear Statistical Equilibrium
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BSi is not at the equilibrium. It is destroyed by the y,a
photodisintegration



The approach to the Nuclear Statistical Equilibrium
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Most of the matter located in the nucleus(i) that has(ve) the highest binding energy for the Ye present
at the moment. Remember that the weak processes are not at the equilibrium and must be taken into
account explicitly!



At 5 BK full Nuclear Statistical equilibrium is attained

The abundances of the various nuclei are governed by a set of equations of this kind:

The system is closed by the conditions:

Mass conservation ()

Electron mole number '
. o v me

conservation

The abundances of all the nuclei depend only onp , Tand Y,



Most abundant elements in NSE conditions as a function of the temperature
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Log, (T.)

3(y-1)U+0=0

U+Q=E_. =0

TOT

NO delay is required for a contraction,

the structure is only marginally stable
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What happens to the inner core after the central Si burning?
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