Name : PHYS 7501, FS 2021

Homework 6 Due: Start of class, November 30th

1. Consider a resonant (a,p) reaction where, for this particular resonance, I, > I}, and [yt =
[ + I,. Which of these three quantities has the biggest impact on the resonance strength for
this resonance? Why?

2. Calculate and plot the expected neutron energy distribution resulting from Rh(p,n) for
5.3MeV protons. Compare the peak neutron energy to that determined by Bramblett &
Bonner Nucl. Phys. (1960). Any thoughts as to why the distribution width for your
calculation doesn’t quite match the solid curve from the plot below?
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4.

The length of time the Sun will spend burning hydrogen in its core (i.e. on the “main
sequence”) is determined by the lifetime of that hydrogen. The lifetime for a nuclear species

7 is directly related to destruction rate for that species in a given environment:
% =-—-An= _Tn = —r. Given the core conditions p = 160g/cm3, T = 16 MK, X5 = 0.7, and
the fact that the reduced reaction rate at this temperature for the

3

. _ —19 Cm
p+p - drateis Ny(ov)y, =1X 10 ——

spend on the main sequence? (Compare this to the actual age of the sun)

how long do you predict that the Sun will

In the Atlas of Neutron Resonances (S.F. Mughabghab, 2006), the thermal neutron capture
cross section for 7Au(n,Yy) is listed as 98.65b. Assuming the 1/v law holds for this cross
section near thermal energies, calculate the reduced reaction rate Ny(ov) at a temperature of
0.3GK. Compare to the REACLIB value 8.3 x 107

mols’
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5. Plot the rough estimate for the Gamow windows for *He(x,y) at 1GK, at 0.1GK, and
¥Cu(p,y) at 1GK.

6. Inthe Hot CNO cycle 1, the CNO cycle is modified by the fact that high temperatures allow
N to undergo proton capture, resulting in the sequence:
2C(p, V)°N(p, v)*O(B)“N(p, V)'*O(B)">N(p,«)?C. For this case, all strong interactions are
much faster than any weak interactions. As such, what are the most abundant nuclei in an
environment where the Hot CNO-1 cycle has reached equilibrium (and why)?

7. Briefly describe the origins of the features labeled in this plot of the solar system
abundances as a function of mass number A.
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