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Green’s Function Analysis of Homogeneous Slab Time Eigenvalues 

Drew E. Kornreich and D. Kent Parsons 

Los Alamos National Laboratory: P.O. Box 1663, Los Alamos, New Mexico,87545, drewek@lanl.gov 

INTRODUCTION 

Several recent papers have examined higher 
mode eigenvalues and eigenfunctions for 
multiplying systems [Refs. 1 - 31. One of the 
goals of these analyses was to produce 
benchmark-quality results of the fundamental 
multiplication eigenvalue along with associated 
higher mode eigenvalues. The Green’s Function 
Method (GFM) was found to be quite useful in 
these analyses. In this paper we extend our use 
of the GFM to include the calculation of real 
time eigenvalues. Many large-scale transport 
codes have difficulty calculating negative time 
eigenvalues, and the availability of benchmark- 
quality positive time eigenvalues is also scarce. 
Thus, we enhance the suite of benchmark-quality 
results for nuclear code developers by adding 
some time eigenvalue results. 

EIGENVALUE PROBLEM EQUIVALENCE 

As usual with this kind of Green’s function 
analysis, we consider monoenergetic 
isotropically scattering media, and for this paper 
we limit ourselves to a single homogeneous slab. 
The goal is to calculate the real (a small subset of 
eigenvalues) time eigenvalues of the transport 
system using Green’s functions, where the 
eigenvalue system is constructed by assuming 
separability of the temporal component: 

Note that in Eq. (1) we assume Ai to be positive; 
thus, positive eigenvalues indicate a divergent 
neutron population and negative eigenvalues 
indicate a decaying population, as usual in the 
nuclear engineering vernacular. 

Similar efforts have been performed in the 
past, where single and multi-region subcritical 
systems were analyzed [Refs. 4, 51. Some of this 
work focused on obtaining approximate time 
eigenvalues, but was also able to obtain a larger 
set of eigenvalues including complex ones. We 
also have the luxury of some benchmark-quality 
results with which to compare our results, 
although these results are also limited to 
subcritical systems [Ref. 61. 

Because we are modifying an existing code 
that performs eigenvalues searches for 
multiplication eigenvalues (ki), which are all 
positive and real, we will only be able to find 
real time eigenvalues, i.e., we do not perform a 
“two-dimensional” search to find complex 
eigenvalues. We note that the real component of 
the time eigenvalues, Ai, for a multiplying system 
is bounded by the following expression (note - 
in this work we will always set the velocity, v, to 
one): 

-vC, < Ai < vC,(k, -1) , (2a) 

k, =- “’ , (2b) 
E, -=, 

which is derived from the analysis of an infinite 
homogeneous medium. 

With some small-scale modification of the 
GFM k-eigenvalue code, we can calculate the 
real time eigenvalues for a homogeneous slab. 
The modifications required, namely 

produces equivalent equations to those for the 
formulation and calculation of the Green’s 
functions in Ref. 3. We note that similar 
expressions for equivalence are derived in Refs. 
4 and 6. 

CALCULATION RESULTS 

As with the multiplication eigenvalue 
calculation, the user sets the minimum and 
maximum values for the search space, as well as 
the step size. The code calculates real and 
imaginary values of a matrix determinant, and 
when both values are zero, we have found an 
eigenvalue. This is essentially a brute-force 
search algorithm. 

used for a single-region system, we can obtain 
both even- (slab) and odd-mode (sphere) 

Depending on the angular flux formulation 



eigenvalues. The authors of Ref. 6 obtained odd- 
mode eigenvalues by including an angular term 
to establish the equations for a spherical system 
from those for a slab (i.e., taking advantage of 
slab-sphere equivalences). In general, we only 
present even-mode eigenvalues in this paper. 

the performance of one of the main transport 
codes used at Los Alamos, we employ 
DANTSYS (ONEDANT) [Ref. 71 as well as the 
GFM code. Results of some sample calculations 
and comparison to other results are provided in 
Table I. As is evident, excellent agreement is 
obtained between Ref. 6, the GFM, and 
ONEDANT (for the fundamental mode). Cross 
sections for GFM and DANT calculations were 

To attempt to check our results as well as 

vc/= 1, c, = 1, e, = 0. 

I. Eigenvah 
Ref. 6 

-0.608072 

-0.08 10933 
-0.834837 

-0.00471731 
-0.0427798 
-0.120691 
-0,2423 16 
-0.4144 
-0.647 

Results and 
GFM 

-0.608072 

-0.0810933 
-0.834837 

-0.00471731 
-0.0427797 
-0.1206904 
-0.2423 15 
-0.414270 
-0.647097 
-0.955902 

:omparisons. 
ONEDANT 
-0.608072 

-0.0810933 

-0.0047 173 1 

Figure 1 displays the expected even-mode 
eigenfunction shapes for a system with several 
positive time eigenvalues. The system is 
described by the following parameters: vC/= 5, 
C, = 10, E, = 9, A = 25 mfp. The five largest 
time eigenvalues corresponding to this system 
are 3.9653 Us, (3.8608 Us), 3.6861 Us, (3.4400 
l/s) and 3.12 10 l/s, with those eigenvalues in 
parentheses being the odd modes also related to a 
sphere. 

SUMMARY 

We have expanded our analysis of 
eigensystems of the one-group, isotropic 
transport equation by examining time 
eigenvalues in homogeneous 1-D Cartesian 
geometry. We have included some analysis of 
the higher modes of the time eigensystems, but 
note that analysis of the higher modes is 

somewhat less straightforward than for 
multiplication eigenvalues. 

heterogeneous media. We note that the authors 
of Ref. 4 have led the way by calculating 
approximate eigenvalues for truly heterogeneous 
(i.e., nonreflected) media. We intend to expand 
on this work by calculating benchmark-quality 
results and additionally do so for temporally 
divergent systems. 

Next, we will expand the analysis to include 

25 -E 
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15 
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Fig. 1. Eigenfunction profiles for the 
fundamental and two higher mode eigenvalues. 
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