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1 Introduction

The Monte Carlo particle transport code MCNPX and its associated data have
been the focus of a major development effort at Los Alamos for several years [1].
The system has reached a mature state, and has become a significant tool for
many intermediate- and high-energy particle transport applications. A recent
version has been released to the Radiation Safety Information Computational
Center (RSICC). A recent report [2] provides an overview of the code and an
extensive set of references for the component physics modules used in the code.

In this paper we review the status of the developmental version of MCNPX,
and describe some important new enhancements, including the use of evaluated
nuclear data files for proton transport; the use of photonuclear reaction data;
improved elastic and inelastic reaction cross sections for nucleons, antinucleons,
pions, and kaons; and two new modes of operation of the code. We also illus-
trate the use of the new proton and photonuclear data in two representative
applications.

2 Table-Based Proton Transport

Table-based charged-particle transport is a new feature of MCNPX and has been
implemented for protons in the developmental version. Proton evaluations for
energies up to 150 MeV have been completed for 42 isotopes [3]. All evaluations
include production cross sections for light particles, gamma rays, and heavy re-
coil particles, energy-angle correlated spectra for secondary light particles, and
energy spectra for gamma rays and heavy recoil nuclei. The NJOY system {4]
is used to process evaluated proton data into a tabular form appropriate for
MCNPX. The MCNPX implementation uses tabular proton data to model nu-
clear reactions and large-angle scattering; continuous slowing down and multiple
scattering models traditionally used in MCNPX for proton transport are used
to model small-angle scattering.

Initial benchmarking of table-based MCNPX proton transport [5,6] concen-
trated on neutron production from thick targets. MCNPX calculations, both
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with tables and with physics models, were compared to experiment for 30-MeV
protons on Fe, 68-MeV protons on C and Al, and 113-MeV protons on C, Al,
Fe, and Ph.

We have recently performed similar studies for a thin proton target. We have
modeled the 43-MeV proton source from JAERI’s TIARA AVF cyclotron. Pro-
tons impinge on a 3.6-mm thick Li target. Resulting neutrons are constrained
by an iron collimator 10.9 cm in diameter and 225 cm long. We have modeled
this target, assuming a monoenergetic point proton source. The neutron flux
is tallied on the surface exiting the collimator. In a report of the experimental
results [7], the neutron flux is normalized to unity in an energy band between
36.3 and 45.5 MeV. We have normalized our calculated results in the same man-
ner. Two MCNPX calculations were performed, one using proton tables and
the other using the Bertini intranuclear cascade model in conjunction with a
pre-equilibrium model.

Results for the experiment and the two calculations are shown in Fig. 1.
Overall, neither calculation is in completely satisfactory agreement with the
experiment. However, we observe that the width of the neutron peak more closely
matches the experiment when proton tables are used. The Bertini model predicts
a neutron peak that is lower in energy and much broader than observed.
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Fig. 1. Neutron Spectrum from 43-MeV Protons on "Li.
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3 Photonuclear Interactions

Evaluated photonuclear data have recently become available for the first time [8].
These data include the doubly-differential cross sections necessary for Monte
Carlo transport. MCNPX has been extended to use the newly available tabular
data. Specifically, the distance to the next photon collision reflects the possibility
of a photonuclear collision, and such collisions will produce a combination of
neutrons, photons or light ions (A < 4) for further transport. Thus, photonuclear
events are fully integrated within a simulation. The implementation has been
subjected to verification and validation testing [9]. Related work is in progress
to enable the use of the Cascade-Exciton Model [10,11] physics module to handle
photonuclear events outside the tabular region.

The need for photonuclear physics in a Monte Carlo n-particle transport code
has been generally accepted for some time. An interesting example of this need
was the design of an electron beam stop for the Dual Axis Radiographic Hy-
drotest Facility (DARHT) at Los Alamos National Laboratory [12,13]. DARHT
produces a 20-MeV electron beam for use in photon radiography. The beamstop
is designed to allow pulsing the accelerator while personnel are in the experimen-
tal area. The original design was a 20 cm diameter cylindrical plug with 7 cm
of graphite backed by 25 cm of tungsten. The length of the tungsten backing
was optimized to reduce the photon dose in the experimental area to acceptable
levels. However, as seen in Fig. 2, this ignored a significant contribution to the

1E+0 :&\
\ .

[y
i
o

=
o
&)
]

[y
ﬁ"
w

-
7
(=8

Dose (Relative)

oy
i
u

1E-6
10 15 20 . 25 30 35
Length (cm)
- Neutron Dose - Photon Dose

Fig. 2. Relative dose contribution from neutrons {(diamonds) and photons (squares)
for increasing thickness of tungsten in an electron beam stop.
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dose from neutrons. Further calculations were performed using a multi-step ap-
proach to estimate the neutron contribution. Based on these calculations, the
tungsten in the beam stop was extended to bring the dose from neutrons to an
acceptable level. Fig. 2 illustrates the new capability of MCNPX to calculate the
contribution to the dose from neutrons and photons in a single simulation.

4 Defined Elastic and Reaction Cross Sections

Previously the concept of a reaction cross section for use with the intranuclear
cascade model has been implicit in the model and not explicitly defined for use
in the transport process. The new cross-section treatment [14] provides a defined
(explicit) reaction cross section as well as a defined nuclear elastic cross section
(previously utilized) in the absence of data libraries; these defined cross sections
determine the transport process and constrain the corresponding reaction rates.

The new cross-section treatment has been implemented including an inter-
polation table for neutron elastic and reaction cross sections derived from the
new 150-MeV MCNPX neutron libraries [3] (and some older 100-MeV libraries).
Elastic scattering for protons is as implemented in LAHET2.8 [15]. Proton re-
action cross sections are obtained by the methods of Barashenkov and Polan-
ski [16], with Madland’s optical model calculations {17] used where available,
augmented by the coding of Tripathi [18,19] below 1 GeV and by the methods
from FLUKA89 (Moehring formulation [20]) above 1 GeV. Beyond the range
of the new tabular data, neutron reaction cross sections are similarly obtained.
Elastic and reaction cross sections for pions are derived from the methods of
Barashenkov and Polanski and of FLUKAB89. For antinucleons and kaons, there
are no elastic cross sections available, and the reaction cross sections are obtained

only from the FLUKAS89 methods.

‘5 Other Enhancements

With the implementation of the defined elastic and reaction cross sections in
MCNPX, it becomes possible to treat primary beam transport [21] without
nonelastic interactions or secondary particle production, determining attenua-
tion by weight reduction using the prescribed reaction cross sections. This pro-
vides a relatively efficient method for examining small-angle dispersion of the
primary beam and for testing methods for treating nuclear elastic scattering,
multiple Coulomb scattering, and energy straggling. It also provides a necessary
feature for the development of next-event estimators for higher energy neutron
flux above the energies where standard MCNP methods, using evaluated data
libraries, are commonly used.

A cross-section generation option has been adapted from LAHET [22] and
implemented in MCNPX. Using this option, the interaction models are accessed
directly for any source particle, and the interaction products are recorded to a
history file. This history file may be subsequently processed by a postprocessing
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code (called XSEX3) to create double differential cross sections for any of the
interaction models included in MCNPX.
Finally, the developmental version of MCNPX includes a2 new atomic mass

data base [23] and the code to access it; in the current version it is used by all
the physics packages shared by LAHET and MCNPX.
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