
Letter to the Editor 

Neutron-Proton Elastic Scattering 

In the calculation of the transport mean free path and diffu-
sion coefficient in a moderator, the average cosine of the angle 
of elastic scattering of a neutron with stationary nuclei in the 
laboratory system is given in most reactor physics books1"12 as 

no = 2/3,4 , (1) 
where A is the ratio of target and projectile masses. For hydro-
gen, A is set equal to 1. Rigorously, Eq. (1) should not be used 
for that case because the correct formula for scattering of a 
heavier particle by a lighter particle is 

Mo = 1 - A2/3 . (2) 
For the neutron of mass 1.008665 amu and the proton of mass 
1.007276 amu, the value of A is 0.9986229, and thus, from 
Eq. (2), no = 0.6675841, which is slightly larger than 2/3. Of 
course, for a proton striking a stationary neutron, the usual 
formula Eq. (1) would apply, with jj.0 = 0.6657486. 

In the general derivation with any mass ratio, 

no = cos 8 (laboratory) , 
H = cos <t> [center of mass (c.m.)] , 

and 
Mo = (1 + An)/(I + 2An + A2)'/2 . (3) 

A plot of Eq. (3) appears in Fig. 1 for several values of A. Note 
that no( ~ 1) suddenly goes from — 1 for A > 1 to 0 at A = 1 to 
1 for A < 1, corresponding to the fact that in a head-on col-
lision, the projectile goes backward, stops, or goes forward, 
respectively. 

The average cosine is 

^o(n)dn , (4) 
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Fig. 1. Relationship of cosines of scattering angles in. 
c.m. and laboratory systems for various mass ratios. 

leading to expressions of the form (\ — 2A + A2)i/2. These 
are read as A — 1 i f A > 1 but 1 — A i f A < 1; hence, the final 
formulas are different for the two cases. 

For the average logarithmic energy change the standard 
expression applies because a depends on the square of 1 — A. 
For the neutron-proton collision, a = 4.747 x 10~7 so that the 
final minimum energy is not exactly zero and £ = 0.9999931. 
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