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ABSTRACT 

The treatment of nuclear data by the SAM-CE Monte Carlo 
code system is presented. The retrieval of neutron, gamma 
production, and photon data from the ENDF/B files is described. 
Integral cross sections as well as differential data are utilr-
ized in the Monte Carlo calculations, and the processing pro-
cedures for the requisite data are^summarized. 

1. INTRODUCTION 

The SAM-CE1 Monte Carlo code system uses ENDF/B2 as its nuclear ' 
data source. The SAM-X component of SAM-CE serves as the principal 
nuclear data processor, which, together with several auxiliary code 
modules, extracts the data required for the Monte Carlo analyses. 
These data include neutron, gamma production, and photon cross sections, 
as well as differential data, such as angular distributions and second-
ary energy distributions. 

The SAM-X code evolved from ENDTS3, which itself was an adaptation 
of ENDT^. This evolutionary process, whose duration has already ex-
ceeded a decade, has paralleled the development of ENDF/B to its cur-
rent version V. Aside from keeping pace with ENDF/B format changes, 
SAM-X has been expanded to include the treatment of thermal neutron 
scattering data, and, most recently, fission neutron spectra. In addi-
tion, as the sheer volume of data included in ENDF/B grew, the SAM-X 
algorithms have been redesigned to provide increasingly accurate pro-
cessed data sets. The goal of these developments has been to provide 
the Monte Carlo component of SAM-CE, SAM-F, nuclear data derived from 
ENDF/B with virtually no degradation of accuracy. Since most of the 
nuclear data is linearly interpolated in the Monte Carlo stage (for 
speed), and ENDF/B can, and often is, tabulated using non-linear in-
terpolation rules, our goal for SAM-X can only be approached within a 
user specified tolerance. Nevertheless, these tolerances can be quite 
small (i.e., 0.1%), and certain data (such as fission neutron spectra) 
are utilized with no degradation of accuracy from the ENDF/B source. 

This paper describes the treatment and utilization of the major 
categories of nuclear data by SAM-CE. Since details of the processing 
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2.3 Resonance Parameters , 

For nuclides with cross section resonances, ENDF/B provides re-
solved and unresolved resonance parameters. These data are to be com-
bined with the corresponding smooth cross sections to yield the com-
plete cross section representation in the resonance energy range. 

These data can be treated by SAM-X in several ways. The origin-
ally developed approach uses the resonance parameters to generate 
point values (distribution-averaged values in the unresolved range); 
these are subsequently combined with the smooth background value. 
These originally implemented algorithms have been superseded by an » 
adaptation of the RESEND code6. These algorithms process ENDF/B re-
sonance parameters (both resolved and unresolved) and combine the re-
sulting point values with the smooth background to produce a complete 
pointwise tabulation in the resonance range (distribution-averaged/^ 
values in the unresolved range). All the formalisms invoked by ENDF/B 
to represent the resolved resonances (i.e., single level and multi-
level Breit-Wigner, Reich-Moore, and Adler-Adler) are treated. 

An alternative treatment for the unresolved range has been pro-
vided by an adaptation of the U3R code7. These algorithms generate 
probability tables (uniform in probability) for the total cross section, 
and average value partials tabulated as a function of total cross 
section. This choice of treatment for the unresolved range is optional; 
the user's decision should be based on a judgment, weighing the in-
vestment of an additional processing step versus the gain in accuracy 
of representation. >> 

2.4 Angular Distributions 

Angular distribution data are retrieved for elastic and discrete 
inelastic scattering. Probability tables (uniform in probability), for 
cosine of scattering angle in the center-of-mass, are tabulated. The 
transformation to the lab system is performed analytically in the colli-
sion treatment algorithms of the Monte Carlo code. 

2.5 Secondary Energy Selection for Inelastic Scattering 

The selection of the secondary neutron energy for inelastic 
scattering is based on the partial cross sections for the discrete 
levels, and probability distributions for the continuum. The SAM-CE 
treatment for the discrete levels is analogous jlo the hierarchical 
procedure for choosing, first between scattering and absorption, then, 
if scattering, between elastic and inelastic. ^|ius, the partial cross 
sections for the levels are accumulated, such tnaty for each level, 
the cumulative values of the partials up to that level number (ordered 
by increasing threshold) are tabulated on the cross section energy 
mesh. 
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and utilization algorithms are amply provided in the SAM-CE user's 
manual5, a narrative style will be assumed herein. 

2. NEUTRON DATA 
t 

2.1 Preliminary Remarks 

An ENDF/B data set for one nuclide is subdivided into principal 
sections, termed "files". The first few files deal primarily with 
neutron data; for convenience, these may be termed the "neutron files". 
These files may include the following types of data: - \\ 

(1) smooth cross sections/, (total and partials); 

(2) resonance parameters (resolved and unresolved); 

(3) angular distributions (elastic and discrete 
inelastic); 

(4) secondary energy distributions;!. 

(5) fission spectra (prompt and delayed); 

(6) thermal neutron scattering data, termed S(a,B) 
data. 

Although other types of neutron data are sometimes available also, the 
foregoing are the principal types utilized by SAM-CE. 

Si 
t 2.2 Smooth Neutron Data 

A SAM-CE neutron data set for a specific nuclide will contain 
tabulations of integral cross sections on an "appropriate" energy mesh-
The appropriateness of the energy mesh is defined in terms of the re-
quirement that linear interpolation between mesh points yield cross 
section values which do not deviate from the implied ENDF/B value by 
more than a user specified tolerance. The tabulations include total, 
total scattering, inelastic, and fission cross sections (where rele-
vant). In addition, neutron multiplicities of inelastic scattering, 
stemming from "(n,2n)-like" reactions, are tabulated on the same energy 
mesh. 

These meshes vary in length for different nuclides, for obvious 
reasons. For example, a hydrogen data set may be tabulated on an 
energy mesh of several hundred entries, whereas a data set for ^ 3 8U may 
require tens of thousands of energy mesh points to preserve the same 
degree of accuracy for linear interpolation. This approach of generating 
unique energy meshes for each nuclide data set offers substantial sav-
ings in memory for the Monte Carlo stage, where many nuclides may be 
present in the problem description. 

1} 
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The choice between levels and continuum is based'on the fraction 
of inelastic cross section which exceeds the cumulative value tabulated 
for the highest explicit level. Thus the continuum event is initially 
treated as an implicit highest level. 

Given that a continuum inelastic event is selected in the Monte 
Carlo, the secondary energy is sampled from cumulative probability 
tables (uniform in probability), which are also tabulated on the same 
energy mesh used for the integral cross sections. These tabulated 
secondary energy values are given by ENDF/B as angle decoupled values 
in the lab system. To introduce an energy-angle coupling, these values 
are interpreted by SAM-CE as average values, from which an excitation 
energy, Q, is computed using the relation 

Q = C^p) (E-E) (1) 

where E is the incident neutron energy, E is the sampled average, and A 
is the mass of the nuclide. Thus, the treatment of the continuum re-
duces to the treatment of a discrete level, with a "sampled" excitation, 
Q-

2.6 Thermal Scattering Data 

For certain evaluations (such as hydrogen bound-in-water), ENDF/B 
provides thermal scattering data to account for molecular binding effects. 
These data, usually referred to as S(a,3), are utilized by^SAM-CE to 
generate two dimensional sampling tables, coupling the momentum (a) and „-
energy (B) transfer of a thermal scattering event. Through numerical 
integration and interpolation, SAM-CE allows the sampling of all physi-
cal points in the (a,3)-domain. 

Since the numerical integration becomes a substantial fraction/jof 
the Monte Carlo computing time for problems characterized by thermal 
molecular scattering, the S(a,B) processing and sampling algorithms in 
SAM-CE will be completely overhauled in the near future. An order of 
magnitude improvement in speed is anticipated by a judicious change of 
variables (from a and 3), which will obviate numerical integration in 
the Monte Carlo sampling stage. 

" 2.7 ,Fission Spectra 
a 

The most recent additions to the collection of ENDF/B neutron data 
utilized by SAM-CE are fission spectra, both prompt and delayed. The 
data is retrieved from ENDF/B with no degradation of accuracy. This is 
accomplished via a departure from the normal requirement for linear in-
terpolation in the Monte Carlo sampling. The sampling algorithms in-
corporate all valid ENDF/B interpolation schemes, and are cognizant of 
all defined formalisms (the tabulations, as well as the analytic prob-
ability functions). The inclusion of a treatment for the delayed neu-
tron spectra is"believed to be unique among the foremost neutronics 
codes in the field. 

(i 
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3. GAMMA PRODUCTION DATA 

The ENDF/B "gamma production" files are, essentially, tabulations 
of photon yields for various non-elastic neutron interactions, and 
corresponding photon angular distributions. These data are processed „ 
by SAM-X in a manner analogous to the treatment for smooth neutron cross 
sections, as described above. The algorithms have not changed signifi-
cantly from those described in Reference 3-

4. PHOTON INTERACTION CROSS SECTIONS 

Point value cross sections are generated from ENDF/B file 23. 
These data govern photon transport and interactions, as well as the 
generation of secondary electrons. Once the energy_ine^h is established, 
using criteria for linear interpolation, as jfor smooth neutron cross 
sections, the Compton cross section is computed analytically, and the 
pair production and photoelectric partials are retrieved from ENDF/B. 

5. MISCELLANEOUS i I " 

Several auxiliary data processing utilities and procedures deserve 
mention. These include: (1) BCDEAN, a utility for transfering pro-
cessed libraries (which are utilized in binary form) betweei^j possibly, 
different computer architectures; (2) an adaptation of the PLOTEF8 code, 
to enable graphic display of SAM-X processed neutron cross sections; 
(3) the a'priori energy mesh enrichment algorithms necessitate some 
a posteriori "weeding", which is provided for neutron, photon, and gamma 
production data; (4) Doppler broadening of neutron cross sections is 
performed by initially producing a "cold" data set from the ENDF/B, and 
then "heating" up the processed data to any requested temperature; (5) 
the approximate treatment of electron transport (straight ahead/con-
tinuous-slowing-down) in SAM-F utilizes the photon interaction cross 
sections as electron production data, and uses built in range-energy 
relations; (6) the secondary photon producing processes of Bremsstrahlung 
and electron-positron annihilation are treated in the photon transport. 

o 0 
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