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Analytic Models of Chemical Evolution

● Pagel: Nucleosynthesis and 
Chemical Evolution of Galaxies, 
chs. 7-8

● Equations of GCE
● Specific models

– closed box

– leaky box

– inflow model
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Helpful references

● Beatrice Tinsley 1980, Fundamentals of Cosmic 
Physics, 5, 287

– “Evolution of the Stars and Gas in Galaxies”

● Andy McWilliam 1997, ARA&A, 35, 503
– “Chemical Evolution of the Galaxy”

● Francesca Matteucci 2012, Springer
– Chemical Evolution of Galaxies

● Kirby et al. 2011, ApJ, 727, 79
– “Alpha Element Distributions in Milky Way Satellite 

Galaxies”
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Stellar lifetimes

Z = 0.02 = Z
⊙
:

Z = 0.001 = 10–1.3 Z
⊙
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Basic GCE equations
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Basic GCE equations
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all stars born by time t,
not accounting for mass loss

accounting for mass loss

Instantaneous recycling approximation
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homogeneous wind

(from slide 5)

Instantaneous recycling approximation
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(from slide 7)

Instantaneous recycling approximation
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Instantaneous recycling approximation

initial galaxy mass
mass in galactic wind accreted mass

(from slide 7)
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Closed box

not a function of position;
instantaneous mixing

Posit that:
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Closed box + IRA
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Closed box + IRA

(from slide 10)

gas fraction

current metallicity of gas

No dependence 
on SFR (ψ)!
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Closed box + IRA

average metallicity of stars
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Closed box + IRA

MDF

No dependence 
on SFR (ψ)!
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Closed box + IRA
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Closed box + IRA

Simple Model = Closed Box
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Leaky box + IRA

constant outflow tracks SFR

(from slide 13)
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G dwarf problem
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Extreme inflow model
gas inflow keeps gas mass constant inflowing gas is metal-free

no outflow

(from slide 7)

(from slide 9)
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“Best accretion model” (Lynden-Bell 1975)
Posit that:

● simplest quadratic possible
● has a maximum in g
● smooth decay in g as star formation ebbs

closed box

(from slide 8)
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“Best accretion model” (Lynden-Bell 1975)
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“Best accretion model” (Lynden-Bell 1975)
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G dwarf problem
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Fornax dwarf spheroidal galaxy
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Numerical models

Kirby et al. 2011, ApJ, 727, 79
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