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Elements observed in
the universe were created
in 2 ways. Light elements
(deuterium, helium and
lithium) were created
at 100s from after the 
Big-Bang when neutrons
and protons combine.
The universe cools so rapidly
that no other elements are 
formed. ALL the other heavier
elements must have been
 synthesized in stars! 
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Thermonuclear Reactions: Energy Release & definitions

particle, a strikes nucleus X, producing nucleus Y and particle b:
a + X           Y + b

 which is often written as X(a,b)Y

an exothermic nuclear reaction is one in which energy is
released e.g.
a + X           Y + b + Q 

where Q > 0, is the difference between the energy of the 
system (X+a) and (Y+b).

the reaction cross section for an incident particle a,
colliding with a target X is defined by:

σX,a (v)= no of reactions per no of particles X unit time
      no of particles a per unit area per unit time



where v is the relative velocity of the particles

The reaction rate per particle pair =

€ 

〈vσXa (v)〉
where the <> denotes the average over a Maxwellian distribution
of relative velocities v

the reaction rate = 
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NXNa 〈vσXa (v)〉

the lifetime of nucleus X wrt the reaction with a is defined by:
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τX ,a =
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Na 〈vσXa (v)〉

the total lifetime, of nucleus X is given 
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Nuclear attractive

coulomb repulsive

the cross section for nuclear reaction: 2 nuclei of positive
charges Z1 and Z2 have potential as shown 

the coulomb energy

V ~ 1/(4 πε)  Z1 Z2 e2/r 

at touching distance
~ 1 MeV Z1 Z2 /(A1

1/3 + A2
1/3)

problem 1: Coulomb barrier - protons have to overcome
       electrostatic repulsion  



In stars the chances of finding a nucleus with kinetic energy
large enough to overcome the Coulomb barrier is therefore
essentially zero!!!

in order to fuse they have  to overcome the Coulomb barrier.
However the typical thermal energy in the stellar interiors (KT ~
keV) is a factor of 1000 smaller than the Coulomb barrier. So
CLASSICALLY two typical nuclei will stop at a distance about
V/kT ~ 1000 larger than their touching distance, and bounce
back.Therefore essentially no thermonuclear reactions can
occur.(note the KT gives only the mean energy per nucleus but
the nuclei are distributed on a Maxwellian. The number of nuclei
in high E tail decreases as exp(-E/kT). So the number of nuclei
decreases by a factor exp(-1000) = 10-434

classical solution: 





However in Quantum Mechanics  this difficulty is overcome by QUANTUM
TUNNELING  as it was first realized by Gamow: there is a finite probability
for a particle to penetrate the Coulomb barrier even when it has an
KE < E_c.  

quantum mechanical solution:



we will show that the
cross section depends
on 2 factors:

S(E)/E x Ptunnel(E)

nuclear 
factor probability

of quantum
tunnelling


