





   The Inner Working of the Sun





solar p-p chain...for all average stars like ours
Gravity compresses H+ + He+2 + e- plasma to 15 M ºK,





a gravitational interaction



p+ + p+ → pn + e+ + (e  




with a mean time of reaction ~ 109 yr     





    pn = d+ = 2H1= the deuteron, very loosely bound





a weak reaction thwarting electromagnetic Coulomb barrier


p + d → 3He2      






proceeding in 1 sec, 





a strong reaction  








  
3He2 + 3He2 →  4He2 + p + p. 
         







  4He2 = α, amongst most tightly bound nuclei





a strong reaction
net result:  


4 p → 4He2 + 2 e+ + 2 (e + our heat & light, 











   felt on earth 3 M yr later, only 8 min to get here





...all reactions exothermic















AHeZ ,   A = N + Z = # of nucleons





















N = # of neutrons





















Z = # of protons

Getting past the 8Be4 roadblock to high mass nuclei

After all H burnt to He, in 5 B years, gravity collapses sun further, 

  



to 100 M ºK, 

"miracle" triple α process makes carbon: 

α  +  α  → 8Be4 



very, very virtual, unstable, ( ~ 10-16 sec





8Be4 (virtual) + α → 12C6
, due to giant dipole resonance of C

unstable 8Be4. is why the Big Bang makes 






75%   H     (& a trace of D) 




     25%  4He (& a trace of 7Li)








...and nothing further up the valley of stability

no neutrons, all decayed after first 15 min of big bang, ( = 866 sec


our sun expands to a red giant, out to mars' orbit, 
after converting all its H to He,  our sun becomes a red giant, 


expanding out to mars' orbit, engulfing us, a Betelgeuse


blowing off its outer atmosphere,



eventually evolving into a white dwarf.

CNO Cycle
If our sun were a bit heavier, it would collapse until it got to 500 M ºK, where it could burn its carbon, the CNO cycle 



α  + 12C6  → 16O8
If our sun were much heavier, it would collapse further in stages until it got to 4B ºK, where many reactions occur, sequentially burning each core until 
only an Fe core cinder remained 







Tails of Two Types of Supernovae 

       SN I   
   













SN II


>~1.4 solar mass
      







>10 solar masses  

  
Chandrasekhar limit


electron Fermi repulsion

white dwarf











a supergiant

accretes matter  








until all fuel burnt up, 

   from binary companion 




only Fe core left

makes proton rich elements
            
makes neutron rich elements > Fe

















up to
238U92 and 232Th90
















in shockwave "fusion"

standard candle








if core after SN is 
















~10 solar mass, collapse to neutron star 















> 12 solar mass, collapse to black hole

