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This study investigates the structural and dynamic effects of
temperature variations on microscopic and macroscopic cross sections for
radiative capture, as well as elastic neutron scattering via Doppler
broadening. The theoretical framework relies on a mathematical
formulation based on the Free Gas Model and single-level Breit-Wigner
formalism for Voigt profiles, extended by the generalized thermal
scattering law S(a, ) to evaluate chemical binding and crystal lattice
vibration effects at low thermal energies.

A numerical application was conducted on the primary resonance
peak of 238U at E, = 6.673 eV across a temperature range of 300 K,
900 K, and 1200 K. The results revealed a 36.4% reduction in peak height
from 300 K to 900 K, reaching a total drop of 43.9% at 1200 K, along
with a broadened resonance base and nearly a doubling of the Full Width
at Half Maximum (FWHM). This structural flattening leads to a direct
decline in spatial and energy self-shielding, increasing total macroscopic
absorption and generating the Negative Doppler Reactivity Coefficient.

Keywords: Doppler Broadening, Neutron Cross Section, Free Gas Model,
Self-Shielding.
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