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Element defined by 
number of protons.

Coulomb Barrier

Typical proton in center of Sun (kinetic 

energy = 3/2 kT ~ 1-2 keV) has ~ 

1/1000th the kinetic energy needed to 

overcome the Coulomb barrier! Ut oh.
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Maxwell-Boltzmann Distribution of Speeds 
(or Energies)

Exponential “tail”

Using just classical physics, p-p fusion SHOULD NOT OCCUR!!
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Quantum Mechanics – Tunneling!

Quantum Mechanics:  Particles are described by waves and the probability of finding 
the particle at a position is given by the square of the amplitude of the wavefunction.  
Solution to Schrodingers Equation indicates that a wavefunction amplitude will 
exponentially decay across a potential barrier.

Quantum Mechanics – Tunneling!
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2 steps required:

(1)Proton tunnels through 
Coulomb barrier

(1)Proton undergoes b+ decay 
and converts into neutron 
(which stay bound in the 
nucleus) and emits a positron 
and neutrino (which both 
escape the nucleus)

First step of the “p-p Chain” of reactions

b+ decay SLOW – controlled 
by the weak nuclear force.

p-p I Chain of Reactions
DE = 26.2 MeV into Sun.   Neutrinos carry away ~0.52 MeV

t ~ 1010 yrs

t ~ 6 s

t ~ 106 yrs



2/12/19

5

p-p I Chain of Reactions
1H  +  1H  --->  2H +  e+ + ne 1.18 (0.26) MeV

t ~ 1010 years

1H  +  2H  ---> 3He  + g 5.49 MeV 
t ~ 6 s

3He + 3He  --->  4He + 1H + 1H  12.86 MeV
t ~ 106 years 

DEphotonic =  2*1.18 + 2*5.49 + 12.86 = 26.2 MeV
DEneutrino =  2*0.26                            = 0.52 MeV


