
  



  

Life-cycle of low mass stars like the sun



  

 Mass ejection from stars like our sun
   (Planetary Nebulae)



  



  

Stars more mass than 8 M (sun) end their lives in 
supernova explosions



  



  



  



  



  

  Equations of Chemical Evolution

        Total mass conservation

 Change in stellar mass

Change in gas mass

Change in remnant mass

Change in metals:
1) metals locked up in stars
2) metals released by stars
3) metals added from/lost to the 
    external medium



  

 Relate mass return , stellar remnant formation, and 
metal input rates to stellar parameters



  

            SIMPLIFICATIONS

 1) The initial mass function of stars is independent of time. That is, 
φ(m,t) = φ(m).

2) Instantaneous recycling approximation. The approximation 
says that there are two types of stars in a galaxy: those that 
live forever, and those that evolve and die instantaneously.



  



  

 It can then be shown that E =  R Ψ ,   W = D Ψ, and 



  

 Noting that:



  



  

 Note that if we measure  gas-phase metallicities 
and gas masses for galaxies, we can deduce the 
net yield yz. If the closed box model is correct,  yz 
should be constant, i.e.  A TEST



  

 Prediction 2: Metallicity distribution of stars

  Define μ=Mg/Mt,  σ=Ms/Mt The closed-box solution gives:

Take the derivative with respect to Z:



  

Predicted metallicity 
distribution of stars



  

Measurement of gas-phase metallicities through nebular 
emission lines

Calibration of metallicity 
using photo-ionization 
models



  

 RELATION BETWEEN GAS-PHASE 
METALLICITY AND STELLAR MASS



  

  The net yield decreases in low mass galaxies, indicating 
LOSS OF METALS 

Loss of 50% 
of metals

 Loss of 90% 
of metals



  

Metallicity distribution of bulge stars follows 
prediction of closed-box model



  

        The metallicity distribution of disk stars does not....



  

 Expulsion of gas and metals from galaxies occurs as a 
result of a galactic wind powered by many 

supernovae explosions



  



  



  



  



  



  

Direct observational 
evidence that these galactic 
winds drive metals 
out of the galaxy.



  

 Through X-ray Spectroscopy: tight contraints on 
relative abundances of elements produced in Type II 

supernova explosions.



  

Temperature of hot gas around starburst galaxies constant as a 
function of the mass/rotation  speed of the galaxy: this means gas is 
too hot to be in virial equilibrium with the dark matter halo of the 
smaller systems ==> escape



  

GALAXY MERGERS AND 
INTERACTIONS



  



  



  

Retrograde encounters produce only 
small perturbations



  

PROGRADE
ENCOUNTERS



  



  



  



  



  



  



  



  

 Do major mergers make elliptical 
galaxies?
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