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Remnants - Mass and Metallicity
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Fates of Intermediate and Massive Stars

NOTE
exact mass ranges depend
on uncertainties in stellar
physics (mixing, mass
loss, nuclear cross
sections, etc.)
they also depend on
metallicity and on initial
rotation rate of star
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Burning Phases in the Stellar Interior
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Kippenhahn Diagram, 8 M� Star
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8 M� Star, Middle of Hydrogen Burning
s8           943   5.95684418875980E+14   c12(   1)= 1.0963E+12                                                         
 R = 3.1582E+11   Teff = 2.1255E+04  L = 1.4503E+37   Iter = 46                                                         
 Dc = 1.1532E+01   Tc = 3.1438E+07  Ln = 9.6725E+35   Jm = 1020   Etot = -4.557E+49                                 
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8 M� Star, End of Hydrogen Burning
s8          1322   9.47787951705359E+14    h1(   1)= 1.3832E+11                                                         
 R = 4.5030E+11   Teff = 1.9282E+04  L = 1.9971E+37   Iter = 14                                                         
 Dc = 2.3362E+01   Tc = 4.0291E+07  Ln = 1.3901E+36   Jm = 1019   Etot = -3.976E+49                                 
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8 M� Star, Beginning of Helium Burning
s8          2359   9.67754168864123E+14   c12(   1)= 2.6557E+10                                                         
 R = 1.0474E+13   Teff = 4.1531E+03  L = 2.3255E+37   Iter = 14                                                         
 Dc = 4.9855E+03   Tc = 1.3490E+08  Ln = 1.5050E+36   Jm = 1012   Etot = -1.809E+49                                 
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8 M� Star, Middle of Helium Burning
s8          3247   1.06453440579333E+15   o16(   1)= 3.2478E+11                                                         
 R = 8.0061E+12   Teff = 4.3354E+03  L = 1.6134E+37   Iter = 57                                                         
 Dc = 3.1979E+03   Tc = 1.5515E+08  Ln = 7.0870E+35   Jm = 1005   Etot = -2.705E+49                                 
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8 M� Star, End of Helium Burning
s8          5163   1.18489561003138E+15   he4(   1)= 2.2429E+10                                                         
 R = 8.5041E+12   Teff = 4.5264E+03  L = 2.1629E+37   Iter = 40                                                         
 Dc = 5.4003E+03   Tc = 2.2181E+08  Ln = 6.7171E+35   Jm = 997   Etot = -4.032E+49                                   
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8 M� Star, Tc = 5×108 K
s8          5589   1.19096683403654E+15   dtd( 541)= 9.0611E+09                                                         
 R = 2.4645E+13   Teff = 3.6900E+03  L = 8.0232E+37   Iter = 33                                                         
 Dc = 1.2726E+06   Tc = 5.0057E+08  Ln = 7.3898E+37   Jm = 1033   Etot = -8.385E+49                                 
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8 M� Star, Last Model Computed
s8        100000   1.19166354235356E+15   c12( 444)= 3.7474E+05                                                         
 R = 4.1793E+13   Teff = 3.4181E+03  L = 1.6987E+38   Iter = 3                                                          
 Dc = 8.8445E+07   Tc = 2.3328E+08  Ln = 5.2559E+38   Jm = 1426   Etot = -2.697E+50                                 
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Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

Kippenhahn Diagram, 8 M� Star, He Ignition



Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

Kippenhahn Diagram, 8 M� Star



Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

Kippenhahn Diagram, 8 M� Star, Off-Center C Ignition



Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

Evolution of a 4 M� Star

Evolution of a 4 M� Star



Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

Kippenhahn Diagram, 4 M� Star



Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

4 M� Star, Middle of Hydrogen Burning
s4          2027   2.74780596566327E+15   c12(   1)= 1.7170E+12                                                         
 R = 2.1276E+11   Teff = 1.4017E+04  L = 1.2450E+36   Iter = 10                                                         
 Dc = 2.7553E+01   Tc = 2.6913E+07  Ln = 9.0063E+34   Jm = 1209   Etot = -1.926E+49                                 
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Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

4 M� Star, End of Hydrogen Burning
s4          2986   4.36845421821407E+15    h1(   1)= 6.6592E+11                                                         
 R = 2.9724E+11   Teff = 1.2654E+04  L = 1.6137E+36   Iter = 14                                                         
 Dc = 5.4033E+01   Tc = 3.4068E+07  Ln = 1.1192E+35   Jm = 1209   Etot = -1.690E+49                                 
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Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

4 M� Star, Beginning of Helium Burning
s4          3927   4.56924082111502E+15   c12(   1)= 1.7433E+11                                                         
 R = 2.6595E+12   Teff = 4.6008E+03  L = 2.2579E+36   Iter = 17                                                         
 Dc = 1.9286E+04   Tc = 1.1628E+08  Ln = 1.5481E+35   Jm = 1208   Etot = -7.639E+48                                 
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Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

4 M� Star, Middle of Helium Burning
s4          5034   5.34560736010066E+15    h1( 302)= 1.7170E+12                                                         
 R = 1.5922E+12   Teff = 5.3688E+03  L = 1.5006E+36   Iter = 31                                                         
 Dc = 9.6890E+03   Tc = 1.3311E+08  Ln = 8.1827E+34   Jm = 1210   Etot = -1.382E+49                                 
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Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

4 M� Star, End of Helium Burning
s4          6070   6.07549212261076E+15   he4(   1)= 1.5269E+11                                                         
 R = 1.9434E+12   Teff = 4.9101E+03  L = 1.5641E+36   Iter = 31                                                         
 Dc = 1.4315E+04   Tc = 1.8380E+08  Ln = 5.3461E+34   Jm = 1209   Etot = -1.424E+49                                 
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Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

4 M� Star, Last Model Computed
s4        100000   6.15866240437279E+15   dtd( 471)= 5.8435E+05                                                         
 R = 3.0752E+13   Teff = 3.2453E+03  L = 7.4734E+37   Iter = 48                                                         
 Dc = 8.0314E+06   Tc = 1.0211E+08  Ln = 8.8746E+35   Jm = 1384   Etot = -8.687E+49                                 
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Kippenhahn Diagram, 4 M� Star
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Kippenhahn Diagram, 4 M� Star, He Ignition
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Kippenhahn Diagram, 4 M� Star, He Depletion
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Period-Luminosity Relation for Cepheids
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Kippenhahn Diagram, 4 M� Star, He Depletion
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Kippenhahn Diagram, 4 M� Star, Post-Core He
burning
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Change of Structure During AGB Cycle
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Kippenhahn-Radius Diagram, 4 M� Star
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Kippenhahn-Radius Diagram, 4 M� Star
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Kippenhahn-Radius Diagram, 4 M� Star, Helium
Ignition



Remnants as a Function of Mass and Metallicity Regimes of Stellar Evolution Low-Mass and Intermediate-Mass Stars Planetary Nebula

Kippenhahn-Radius Diagram, 4 M� Star, He Depletion
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Kippenhahn-Radius Diagram, 4 M� Star, Start of AGB
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Kippenhahn-Radius Diagram, 4 M� Star, AGB Phase
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Rare Spherical Planetary Nebula Abell 39
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Planetary Nebula Ring
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Helix Nebula Details
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M57 The Ring Nebula
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Planetary Nebula NGC 2440
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NGC 6543 - "Cat’s Eye"
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M2-9
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