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Resolving the rapid variation in energy in neu-
tron and thermal radiation transport is needed
for the predictive simulation capability in high-
energy density physics applications. Energy vari-
ation is difficult to resolve due to rapid varia-
tions in cross sections and opacities caused by
quantized energy levels in the nuclei and elec-
tron clouds. In recent work [2], we have de-
veloped a new technique to simultaneously cap-
ture slow and rapid variations in the opacities
and the solution using homogenization theory,
which is similar to multiband (MB) [1, 3] and
to the finite-element with discontiguous support
(FEDS) method [4], but does not require closure
information. We demonstrated the accuracy and
efficiency of the method for a variety of problems.
We are researching how to extend the method to
problems with multiple materials and the same
material but with different temperatures and den-
sities. In this highlight, we briefly describe ho-
mogenization theory and some results.

Background and Motivation
Neutron transport (NT) and thermal radiative

transfer (TRT) play key roles in various scien-
tific and engineering problems. For example, NT
is important in nuclear reactors, fusion applica-
tions, and shielding. TRT is important in many
astrophysical systems, in planetary atmospheres,
and in fusion applications. The Boltzmann trans-
port equation encompasses both sets of physics,
with appropriate speeds and source terms for NT
or TRT, and tracks particles in a six-dimensional

phase space that includes particle position, direc-
tion, and energy. NT and TRT solutions are rarely
analytic, requiring the use of computers to solve
approximations to the Boltzmann transport equa-
tion, which involves discretization in all of the
variables.

The discretization in energy is difficult due to
resonances (lines) in the cross sections (opacities)
arising from quantized energy levels in the nu-
cleus (atom). These are shown in the cross section
and opacity plots below.
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Anticipated Impact
Using a homogenization framework, we have

derived a homogenized continuous-in-energy
equation, which we then discretized using a
multiband-like approach that first divides energy
into coarse groups. We choose groups to be
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large compared to the characteristic cross sec-
tion spacing but small compared to the macro-
scopic energy scale of interest. A key tool is
the Young’s measure, which within a group de-
scribes the probability that the cross section as-
sumes a particular value. Our framework yields a
multiband-like transport equation and cross sec-
tions without the need for a closure. Errors for a
NT shielding problem in iron and an atmospheric
TRT problem show homogenization theory to be
accurate and efficient.
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Path Forward
Future work will generalize the process to in-

clude problems with resonant scattering cross
sections. We are currently extending the method
to incorporate correlations of cross sections for
the same material but with different temperatures
and densities.
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