Nuclear Astrophysis
Lecture 2. Nucleosynthesis
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Objectives of Lecture 2
Understand types of nucleosynthesis
Understand where various types are made

Be able to write down equations for a reaction network



the astrophysical formation of the elements
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the astrophysical formation of the elements
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some terminology

n; number of species; per unit volume

W, atomic weight (or molar mass) of species;j

p,, mass density p baryon mass density

anWj Zn A,

_ _
P, N, P N,
X, nucleon fraction, or mass fraction Y, mole fraction, or abundance
X:”jAj Y.=Xj= n,
" PN, " A, pN,
n.A 1 Z " Aj

NoteZXJ.:Z L= =1

i j PN, p N,




some terminology

y; rescaled abundances

In meteoritics, abundances are normally scaled relative to silicon

(set number of silicon atoms to be 10°):

logy; =log f +logY,

where f is the appropriate normalizing constant. For Y, =2.529x107, log f.. =10.5970.

Astronomers sometimes use a scale relative to hydrogen
(set number of hydrogen atoms to be 10™):
log y; =log f +logY,

More commonly, astronomers express abundances as ratios relative to solar :
1Og[ni /nj ]star _log[ni /nj ]solar = [l/ J]

For example, a ratio of sodium to iron which is half solar would be [Na/Fe] = -0.3.




the astrophysical formation of the elements
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the astrophysical formation of the elements
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the astrophysical formation of the elements
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How to determine what elements an astrophysic
environment produces

What information is needed?
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How to determine what elements an astrophysic
environment produces
My list:
astrophysical conditions, i.e. temperature and density

nuclear physics input (masses, reaction rates, decay Jates
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How to determine what elements an astrophysic
environment produces

What data can you compare with?
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How to determine what elements an astrophysic
environment produces
My list:
solar system abundances (sun, earth)
meterorites

spectroscopic data from other stars
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example abundance patterns

solar abundance (?8Si = 108)
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some terminology

y; rescaled abundances

In meteoritics, abundances are normally scaled relative to silicon

(set number of silicon atoms to be 10°):

logy; =log f +logY,

where f is the appropriate normalizing constant. For Y, =2.529x107, log f.. =10.5970.

Astronomers sometimes use a scale relative to hydrogen
(set number of hydrogen atoms to be 10™):
log y; =log f +logY,

More commonly, astronomers express abundances as ratios relative to solar :
1Og[ni /nj ]star _log[ni /nj ]solar = [l/ J]

For example, a ratio of sodium to iron which is half solar would be [Na/Fe] = -0.3.
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example abundance patterns

solar abundance (?8Si = 108)
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the astrophysical formation of the elements

nuclear properties

nuclear reaction
rates
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astrophysical e
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What about the heavier elements?
P-process
S-process

r-process
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Next lecture: r-process
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