The Life and Death of a Sun-like Star

These notes describe the evolutionary path taken by a Sun-like star, one with an initial mass comparable to the Sun’s mass. Stars can be thought of as a series of nested shells, surrounding a core.  The core is more dense, hotter, and at higher pressure than the surrounding shells of plasma. 

· Stars exist on the main sequence as stable objects for about 90% of their total lifetimes, fusing hydrogen into helium within their cores. Their temperature and luminosity change little during this time.   

· During the long period on the main sequence, helium “ash" gradually accumulates in the core. The core composition changes with time. 

· When the hydrogen is consumed, the core can no longer maintain equilibrium and begins to contract and heat up. Hydrogen fusion continues in a shell around the core. The core consists of 98% helium, and 2% heavier elements.

· The entire star expands, the surface temperature lowers, as the star “leaves” the main sequence, becoming a subgiant star.  On the HR diagram, the star moves to the right. 

· As the core continues to contract and heat up, fusion reactions in the surrounding shell increase, due to the higher temperature in the shell. The star’s total luminosity increases as the star continues to expand, becoming a red giant star.  During this phase, a star will “ascend” the red giant branch, within the HR diagram. 
· Helium continues to accumulate in the core, as the hydrogen-burning shell moves outward. Eventually the core is compressed to the point at which the electrons become degenerate.  Electrons resist further compression of the core, providing a new form of pressure to counter gravity. 

· When the core temperature reaches about 100 million K, helium begins to fuse into carbon, through the triple-alpha process. At this high temperature, helium nuclei (2 protons + 2 neutrons) can violently collide and fuse.  Three helium nuclei fuse to form carbon.  Other helium nuclei collide with the carbon nuclei and produce oxygen. 

· The star responds to this new energy source by contracting and becoming hotter, evolving to the horizontal branch in the HR diagram. The star now fuses helium in its core and hydrogen in a shell around the core. Externally, this star will look like an A-star, with a surface temperature of about 10 million K. 

· As helium is exhausted in the core, the core contracts again, the star becomes redder and even more luminous. The star evolves along the second or asymptotic giant branch. Now hydrogen fuses in an outer shell, and helium within an inner shell, building an extremely hot, but inert core composed of carbon and oxygen. 

· At this point, nuclear burning ends. The star is finished. The star becomes unstable, and ejects its outer layers as a planetary nebula.  The core evolves into a white dwarf.  About 30% of the mass of the star is ejected. 

· For several thousand years, the planetary nebula is “lit up” by the intense ultraviolet radiation of the now exposed stellar core.  Gradually the nebula expands and fades away, returning its substance to the interstellar medium.
· Solar-mass stars will take about a billion years to evolve from a main sequence star to a white dwarf. 
· White dwarfs are incredibly dense spheres of degenerate matter, containing 0.5 to 2 M( of plasma compressed into a tiny, Earth-sized (R ~ 6000 km) ball.  No longer producing energy, white dwarfs slowly cool down over many billions of years.  Initially hot with a surface temperature of 100,000 K, eventually these objects cool down to less than 3000 K.  
· White dwarfs are “dead’ stars.  They do NOT engage in fusion reactions, rather, they remain visible due to the slow leaking of the energy produced long ago.  
· The Sun’s fate will be a white dwarf.  Millions of these objects populate our Galaxy.  
