
PHY983 - Nuclear Astrophysics - Spring 2007 
Homework set 4 
Due: February 16, 2007, for class 
Key words: CNO cycle 
 
1. [10 pts] In stars that contain some initial carbon or nitrogen from previous stellar 
generations the CN cycle competes with the pp-chain for the dominant hydrogen burning 
mechanism. Using the NACRE reaction rates, and assuming solar composition in the 
center of the sun at a temperature of 15 Mio K, calculate the energy generated by the pp-
chain and by the CN cycle. Which one wins in the sun ? How much do they contribute 
each in percent to the total energy generation ? Compare to the current standard solar 
model prediction (quoted for example in Phys Rev. C 69 (2004) 015801 Stonehill et al. ). 
 
Hints: 
The p+p reaction determines the timescale of the pp-chain, while for the CN cycle it is 
the 14N(p,g) reaction rate. So for each of these you can assume that each time that 
reaction is occuring the entire reaction sequence is executed. In the CN cycle - as 
14N(p,g) is the slowest reaction at any given time - 14N is by far the most abundant 
nucleus (among CNO nuclei) once the cycle got going. You can obtain the total 14N 
abundance by assuming that all initial carbon and nitrogen is converted into 14N. 
 
2.  [10 pts] At higher temperatures, for example on accreting neutron stars, hydrogen 
burns with the beta limited hot CN cycle. This means that under these conditions the 
beta+ decays at 14O and 15O become the slowest reactions in the cycle. Basically, all the 
(p,g) and the 15N(p,a) rates become much faster than any of the beta decays because of 
the high temperatures (0.2 GK) and densities (1e6 g/cm3) (the beta decay rates are  not 
affected by temperature and density). 
 

2a.  Sketch a chart of nuclides and draw the main reaction sequence of the beta 
limited CNO cycle. You can start at 12C and assume that p,g always wins against 
beta decay unless proton unbound nuclei are reached, and don't forget that at 15N 
(p,a) closes the cycle as usual.  

 
2b.What is the average time it takes to go around the cycle once (add all the 
relevant long lifetimes along the path) ? 

 
2c Derive an equation for the energy generation rate of the beta limited CN cycle 
that contains as only variables density ρ and the total abundance of carbon and 
nitrogen nuclei YCN 


