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Chemical binding and wave interference effects cause neutron scattering

cross sections to be complicated functions of neutron energy and direction.

Previously presented methods determine scattering cross sections from con-

tinuous frequency distributions. By representing continuous distributions as

sets of discrete frequencies and using the methods given in this paper, scat-

tering cross sections are computed quickly. Double-differential scattering

cross sections based on the incoherent approximation can be calculated for

any discrete frequency distribution from the following set of equations :
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Aj is the mass of the molecule divided by the neutron mass m, A is the

amplitude of frequency u>q> and A is the mass of the scattering nucleus

divided by m. This form is completely general for any continuous frequency

dis t r ibut ion which is discretized into a large number of frequencies. I t

avoids any need to integrate over the complex plane.

1



For large incident neutron energies the duration of a collison is short

compared with the natural periods of atomic motion. So for t«l, we can

make the following approximations:
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Substituting these approximations in Eqs. (2) and (3) yields,
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We have made use of Eq. (7) in obtaining Eq. (10). The integral in Eq. (1)

can now be integrated using
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This is the same form as the double-differential scattering cross section

for a free proton gas except T has been replaced by an effective temperature.

The single-differential scattering cross section can be obtained by

integrating Eq. (13) over the cosine of the scattering angle ]x; for

downscatter,

r±- , E->E. (14)
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The short collision time approximation must only be used for the downscattering

cross section because Eq. (13) does not satisfy detailed-balance. The

upscattering cross section can be computed by forcing detailed balance;
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Thus we have simple expressions for determining scattering cross sections for

large incident neutron energies.

Double-differential scattering cross sections are computed by the FASTT

code using trapezoidal integration for the integral in Eq. (1). These are

integrated over y, again using trapezoidal integration, to obtain single-

differential scattering cross sections. Cross sections were calculated for

a water temperature of 561°K using Nelkin's set of discrete frequencies and

amplitudes. Cross sections based on the free proton model (one frequency

at (D= 0) were also determined. The effective temperature for Nelkin's

distribution is found to be T ^ = 1468°K. Cross sections based on the

short collision time approximation were computed using this T ,.. in

Eqs. (14) and (15).

Figure 1 illustrates the single-differential scattering cross sections

for light water using different models, for an incident neutron energy of

1.0 eV. The short collision time approximation works well except at

energies near the incident neutron energies. The short collision time

approximation improves as the energy of the incident neutron is increased.

This approximation should probably not be used for water when the incident

neutron energies are less than 1 eV, or when E%E'.

In summary, we have presented a completely general form for computing

any scattering cross section based on the incoherent approximation without



extending f(w) to negative frequencies and without integrating over the complex

plane. A simple derivation of the short collision time approximation for

discrete frequency distributions has also been shown. The approximation

works well for large incident neutron energies when the duration of a

col l is ion is short compared with the natural periods of atomic motion.
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Fi'iure 1. Single-Differential Scattering
Cross Sections for Light Water Computed with
the Free Proton and Nelkin Scattering Models
at 561 K, and using the Short Collision Time
Approximation with T ff=1468 K, for an Incident

Neutron Energy of 1.0 ev.
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