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Copyright Notice for MCNPX

This program was prepared by the Regents of the University of California at Los Alamos National
Laboratory (the University) under contract number W-7405-ENG-36 with the U.S. Department of
Energy (DOE). The University has certain rights in the program pursuant to the contract and the
program should not be copied or distributed to unauthorized users. All rights in the program are
reserved by the DOE and the University. Neither the U.S. government nor the University makes any
warranty, express or implied, or assumes any liability or responsibility for the use of this software.

Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States government or any
agency thereof.
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Preface

Work on the MCNPX™! code has been primarily sponsored by both the Accelerator Pro-
duction of Tritium (APT) and Advanced Accelerator Applications (AAA) projects in
response to requests from the facility designers. Originally, MCNPX was one part of the
APT effort to provide a validated set of computer simulation tools to use in design of the
APT spallation target, surrounding lead blanket, and associated shielding. Other elements
of this program included the production of new nuclear data evaluations from 20 to 150
MeV for neutrons, and from 1 to 150 MeV for proton and photonuclear interactions. Addi-
tional work was undertaken to provide improved total, reaction, and elastic cross section
tables above 150 MeV and to improve the physics involved with the intermediate- and high-
energy physics models through the CEM program. Currently the requirements of the
Accelerator Transmutation of Waste program, which is part of AAA, are directed toward
improvements in fission physics and actinide data.

Responsibility for the development of MCNPX was given to the APT Target/Blanket and
Materials Engineering Development and Demonstration (ED&D) project. A code develop-
ment team under the leadership of Dr. H. Grady Hughes was formed. Because the Los
Alamos accelerator community has long supported the work of Dr. Richard Prael in the
development of the LAHET™ Code System, it was decided to build on this base by com-
bining the capabilities of LAHET and MCNP ™ into one code. This was accomplished by
extending the capabilities of MCNP4B™ to all particles and all energies, and including the
use of physics models in the code to compute interaction probabilities where table-based
data are not available. In the present version, MCNPX 2.4.0, the code has also incorpo-
rated all features of MCNP4C3.

Additional development has been provided by the theoretical efforts of the T-16 group at
Los Alamos, particularly in the areas of nuclear data evaluation and expansion of physics-
based models. A program of experimental activities was also undertaken, including mea-
surement of various cross sections and development of more complex benchmarks
specific to the APT and AAA projects.

Our commitment to modern software management and quality assurance methods in the
development of MCNPX is very strong. The code is used for the design of high-intensity
accelerator category 2 nuclear facilities, and has already been used to design a major cat-
egory 3 activity at the LANSCE high-power beamstop. MCNPX development is guided by
a set of requirements, design, and functional specification documents. Code testing is per-
formed on a large scale by a volunteer beta test team. Code configuration management is
involves the CVS system, and methods of assessing code development progress are
being implemented. One of these involves nightly regression testing on a computer farm
of over 20 hardware/software platforms. Training courses are held regularly.

1. MCNPX, MCNP, MCNP4B, LAHET, and LAHET Code System (LCS) are trademarks of the Regents of the
University of California, Los Alamos National Laboratory.
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We have also developed a unique autoconfiguration build system which allows a variety of
compilation options to be easily executed on a large number of platforms. MCNPX 2.4.0
extends the previous set of supported platforms to Windows PC. This version of the code
has also been rewritten in Fortran 90, and many of the code elements recast as modules.
Work on our ‘component architecture’ approach is also proceeding. This software engi-
neering project fully recognizes that some elements of MCNPX are older, well tested
programs developed outside of the core MCNPX team, and may even be written in different
languages. We also see a very strong future in building the capability to interface effectively
with these, and even other types of codes, such as geometry builders, transmutation and
thermal-hydraulics packages. The MCNPX build system is the first step in this process,
and work on a formal software definition interface language is underway.

Geometry, basic tally and graphical capabilities of MCNPX do not fundamentally differ from
the standard MCNP4C code as released in 2000. Input cards have rarely been modified,
however a number of new cards have been added to control the physics model options,
set parameters for new particles, and control new tally and variance reduction features.
The present MCNPX 2.4.0 manual differs fundamentally from those released for code ver-
sions in the past (2.1.5, 2.3.0). We are now starting to build a more comprehensive
description of the code, which eventually will be issued in three parts. Vol | will cover phys-
ics and appropriate Monte Carlo methodology. Vol Il will be the practical user guide for the
code. Vol lll will cover items of interest to code developers. The present work is equivalent
to Volume I, and also integrates much more fundamental material than present in the pre-
vious manuals. We are also seriously rethinking information presentation, and will soon
issue a revision which incorporates a dictionary-type lookup system for card definitions.
Until the complete set of manuals is issued, we recommend using this document in tandem
with the MCNP4C manual, and the previously issued MCNPX 2.3.0 User's Manual.

It is hoped that MCNPX will be of use to the Monte Carlo radiation transport community in
general, and we are already seeing major applications in medical and space science fields,
also in areas where tracking of low energy charged particles is important. The develop-
ment of the modular approach in future versions of the code will facilitate the addition of
new capabilities to the base code and make this tool a flexible, reliable aid in the explora-
tion of both traditional and new mixed-energy, multiparticle applications.

Laurie Waters

Deputy Group Leader

D-10, Nuclear Systems Design
Los Alamos National Laboratory

September 2002
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7 Appendix A — Examples

Example 1. Neutron production from a spallation target

One of the fundamental quantities of interest in most spallation target applications is the
number of neutrons produced per beam particle incident on target. For targets fed by
proton accelerators, this quantity is typically denoted as "n/p”. Here, we demonstrate how
one goes about calculating this quantity for a simple target geometry using MCNPX.

The geometry consists of a simple right-circular cylinder of lead, 10 cm in diameter by
30 cm long. A beam of 1-GeV protons is launched onto the target. The beam has a spot
size of 7-cm diameter, with a parabolic spatial profile (see Fig. A-1).

Figure A-1. Neutron production from a spallation target.

L —~UD

In MCNPX, net neutron production is tallied implicitly and is provided by default in the
problem summary for neutrons. The problem summary shows net neutron production
resulting from nuclear interactions (this is the component that accounts for neutron
production by all particles transported using INC/Preequilibrium/Evaporation physics), and
net production by (n,xn) reactions (these are neutrons created in inelastic nuclear
interactions by neutrons below the transition energy, using evaluated nuclear data). Net
production from nuclear interactions is given by the difference of the neutron weights in the
"neutron creation" and "neutron loss" columns. A similar approach is taken to calculate
net (n,xn) production. Net neutron production may also be calculated by realizing that the
only loss mechanisms for neutrons are escape and capture. The sum of the weights in the
"neutron loss" column under "escape" and "capture" is thus equal to the net neutron
production. The values listed in the problem summary are "collision estimators," meaning
they are tallied when a collision occurs during transport. Uncertainties are not calculated
by MNCPX for these collision-estimated quantities. A reasonable upper limit on the
relative uncertainty would be given by the inverse square root of the number of source
particles launched.

We provide here five different variations for the calculation of net neutron production for
this simple target geometry. In the "base case," we transport protons, neutrons, and

MCNPX User’'s Manual 191



MCNPX User’s Manual
Version 2.4.0, September, 2002
LA-CP-02-408

charged pions. The transition energy between LAHET physics and neutron transport
using tabular nuclear data is set at 150 MeV, and the LA150 library is used. All protons
are transported using LAHET physics. Nucleon and pion interactions simulated by LAHET
physics use the Bertini intranuclear cascade model. Variations from this base case are
outlined in A-1 below. For each case, 20,000 source protons were transported.

Table A-1. Neutron Problem Summaries

Neutron Proton
Case | mowose | Parices | wanstion | vanaitor
(MeV) (MeV)
base Bertini nh/ 150 0
1 Bertini nh/ 20 0
2 Bertini nh/dtsa 150 0
3 ISABEL nh/ 150 0
4 Bertini nh/ 150 150
5 CEM nh/ 150 0

For the sake of brevity, we reproduce here just the neutron problem summaries from the
MCNPX output decks.

Base Case
sample problem: spallation target
¢ neutron production with 20-MeV neutron transition energy

¢ EJ Pitcher, 1 Nov 99

c

¢ --cell cards ---
c

c Pbtarget

11-114 1-2-3
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bounding sphere
20 (-1:2:3) -4
¢ outside universe

30 4

¢ --- surface cards ---

1 pz 0.0
2 pz30.0
3 cz 50

4 s090.0

c --- material cards ---

o} Material #1: Pb without Pb-204

m1  82206.24c 0.255 82207.24c 0.221 82208.24c 0.524

c ---data cards ---
mode n h/
imp:n,h,/11r 0
phys:n 1000. j 150.
phys:h 1000. j 0.

Ilcajjj

MCNPX User’s Manual
Version 2.4.0, September, 2002
LA-CP-02-408

MCNPX User’'s Manual

193



MCNPX User’s Manual
Version 2.4.0, September, 2002

LA-CP-02-408
nps 20000
prdmp j-30j 1
c
c --- source definition ---
¢ 1-GeV proton beam, 7-cm-diam, parabolic spatial profile
sdef sur 1 erg 1000. dir 1 vec 0.0.1.rad d1 pos 0.0.0. par 9
si1 a 0.00.10.20.3040.50.60.70.80.91.01.11.21.3
1.415161.71.8192.021222324252627
2.82.93.03.13.23.33435
sp1 0.00000 0.09992 0.19935 0.29780 0.39478 0.48980 0.58237
0.67200 0.75820 0.84049 0.91837 0.99135 1.05894 1.12065
1.17600 1.22449 1.26563 1.29894 1.32392 1.34008 1.34694
1.34400 1.33078 1.30678 1.27151 1.22449 1.16522 1.09322
1.00800 0.90906 0.79592 0.66808 0.52506 0.36637 0.19151
0.00000
For the base case, the neutron problem summary follows:
sample problem: spallation target base case
neutron creation tracks  weight ener gy neutron | oss tracks  weight ener gy
(per source particle) (per source particle)
source o o 0. escape 365317  1.8249E+01 2. 1995E+02
nucl . interaction 316017  1.5801E+01  3.2136E+02 energy cutof f o o 0
particle decay o o 0. time cutoff o o 0.
wei ght wi ndow o o 0. wei ght wi ndow o o 0
cel | importance o o 0. cel | importance o o 0
vei ght cut of f o o 0. wei ght cut of o o 0
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energy inportance 0 0. 0. energy inportance 0 0. 0.
dxtran 0 0. 0. dxtran 0 0. 0.
forced collisions 0 0. 0. forced collisions 0 0. 0.
exp. transform 0 0. 0. exp. transform 0 0. 0.
upscattering 0 0. 0. downscattering 0 0. 9. 8498E+00
tabul ar sanpling 0 0. 0. capture 0 1. 4266E- 02 7. 6455E- 02
(n, xn) 78320 3. 9123E+00 1. 8804E+01 loss to (n,xn) 25352 1. 2660E+00 4.8878E+01
fission 0 0. 0. loss to fission 0 0. 0.
phot onucl ear 0 0. 0. nucl. interaction 3668 1. 8340E- 01 6. 1409E+01
tabul ar boundary 0 0. 0. tabul ar boundary 0 0. 0.
(ganmma, xn) 0 0. 0. particle decay 0 0. 0.
adjoint splitting 0 0. 0.
total 394337 1. 9713E+01 3. 4016E+02 total 394337 1. 9713E+01 3. 4016E+02
nunber of neutrons banked 368985 average time of (shakes) cutoffs
neutron tracks per source particle 1. 9717E+01 escape 5. 7458E+00 tco 1. 0000E+34
neutron collisions per source particle 2.7874E+01 capture 4. 6648E-01 eco 0. 0000E+00
total neutron collisions 557485 capture or escape 5.7417E+00 wcl -5.0000E-01
net multiplication 0. 0000E+00 . 0000 any termnation 5. 3201E+00 wc2 -2.5000E-01

-The two methods for calculating total neutron production give the following results:
net nuclear interactions + net (n,xn):(15.801 - 0.1834) + (3.9123 - 1.2660)= 18.263 n/p
escapes + captures:18.249 + 0.014226= 18.263 n/p

Both methods give the same answer. Since "escapes + captures" is easier to calculate,
this is the method typically used. A reasonable upper limit on the relative uncertainty of n/
p is (20,000) ~ 0.7%.

Case 1l

The first variation considered is the impact of the extension of the evaluated neutron cross
sections to 150 MeV on total neutron production. To evaluate this impact, we set the
transition energy between LAHET physics and neutron transport using evaluated nuclear
data (given by the third value on the phys:n card) to 20 MeV:

150.

Base Case: phys: n 1000. |

Case 1: phys: n1000. j 20.

In this case, neutron transport is done in the same manner as was done traditionally with
LAHET and HMCNP. The neutron problem summary for this case is shown below.
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sanpl e problem spallation target: Case 1
neutron creation tracks  weight ener gy neutron | oss tracks  weight ener gy
(per source particle) (per source particle)

source 0 0. 0. escape 367324 1. 8351E+01 2. 1946E+02
nucl. interaction 376685 1. 8834E+01 3. 3940E+02 energy cutoff 0 0. 0.
particle decay 0 0. 0. time cutoff 0 0. 0.
wei ght wi ndow 0 0. 0. wei ght wi ndow 0 0. 0.
cell inportance 0 0. 0. cell inportance 0 0. 0.
wei ght cutof f 0 0. 0. wei ght cutof f 0 0. 0.
energy inportance 0 0. 0. energy inportance 0 0. 0.
dxtran 0 0. 0. dxtran 0 0. 0.
forced collisions 0 0. 0. forced collisions 0 0. 0.
exp. transform 0 0. 0. exp. transform 0 0. 0.
upscattering 0 0. 0. downscattering 0 0. 9. 8003E+00
tabul ar sanpling 0 0. 0. capture 0 1. 3626E- 02 5. 7541E- 02
(n, xn) 20323 1. 0137E+00 1. 5895E+00 loss to (n,xn) 9964 4.9705E- 01 6. 8449E+00
fission 0 0. 0. loss to fission 0 0. 0.
phot onucl ear 0 0. 0. nucl. interaction 19720 9. 8600E- 01 1. 0482E+02
tabul ar boundary 11 5. 5000E- 04 1.0972E- 02 tabul ar boundary 11 5. 5000E- 04 1.0972E- 02
(gamma, xn) 0 0. 0. particle decay 0 0. 0.
adj oint splitting 0 0. 0.
total 397019 1.9848E+01 3. 4100E+02 total 397019 1. 9848E+01 3. 4100E+02
nunber of neutrons banked 387055 average tinme of (shakes) cutoffs
neutron tracks per source particle 1. 9851E+01 escape 5. 8655E+00 tco 1. 0000E+34
neutron col lisions per source particle 2.8027E+01 capture 4. 8948E-01 eco 0. 0000E+00
total neutron collisions 560536 capture or escape 5.8615E+00 wcl -5.0000E-01
net multiplication 0. 0000E+00 . 0000 any termnation 5.4273E+00 wc2 -2.5000E-01

Net neutron production in this case is 18.364 n/p, or 0.5% above the base case value. The
difference is primarily due to the neutron multiplicity between 20 and 150 MeV in the new
150-MeV evaluations as compared to the multiplicity given by the LAHET physics models
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in this energy range. Since the data evaluations are considered more accurate than the
LAHET physics models, the base case value of 18.263 should be considered the better
estimate.

Note the difference in net production by nuclear interactions (15.617 n/p for the base case
versus 17.897 n/p for case 1) and by (n,xn) reactions (3.785 n/p for the base case versus
0.516 n/p for case 1) for the two cases. The difference of 2.280 n/p between the two cases
for net production by nuclear interactions is the value calculated by the LAHET modules
within mcnpx for net neutron production by neutrons in the energy range 20 to 150 MeV.
Similarly, the difference of 3.269 n/p in the values for net (n,xn) production is the value
predicted by the new 150-MeV Pb data libraries for net neutron production by neutrons
with energies between 20 and 150 MeV.

Case 2
In the second variation, we transport not only nucleons (denoted by the symbols n and h
on the mode card) and charged pions (/), but also light ions (deuterons, tritons, 3He, and
alphas, denoted by d, t, s, and a, respectively). The only differences between the two input
decks are the two cards:
Base Case: node n h /

imp:n,h,/11r0
Case 2: nmde n h/ dt s a

imp:n,h,/,d,t,s,a11r0

Note that nuclear interactions by light ions are simulated using the ISABEL INC model.
The problem summary for this case is shown below:

sanpl e problem spallation target: Case 2

neutron creation tracks  weight ener gy neutron | oss tracks  weight ener gy
(per source particle) (per source particle)
source 0 0. 0. escape 366756 1. 8321E+01 2. 1938E+02
nucl. interaction 316952 1. 5848E+01 3. 2187E+02 energy cutoff 0 0. 0.
particle decay 0 0. 0. time cutoff 0 0. 0.
wei ght wi ndow 0 0. 0. wei ght wi ndow 0 0. 0.
cell inportance 0 0. 0. cell inportance 0 0. 0.
wei ght cutof f 0 0. 0. wei ght cutof f 0 0. 0.
energy inportance 0 0. 0. energy inportance 0 0. 0.
dxtran 0 0. 0. dxtran 0 0. 0.
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forced collisions 0 0. 0. forced collisions 0 0.
exp. transform 0 0. 0. exp. transform 0 0.
upscattering 0 0. 0. downscattering 0 9. 8368E+00
tabul ar sanpling 0 0. 0. capture 0 . 4534E- 02 7.7278E-02
(n, xn) 79010 3. 9467E+00 1. 9031E+01 loss to (n,xn) 25539 . 2753E+00 4. 9548E+01
fission 0 0. 0. loss to fission 0 0.
phot onucl ear 0 0. 0. nucl. interaction 3667 . 8335E-01 6. 2061E+01
tabul ar boundary 0 0. 0. tabul ar boundary 0 0.
(gamma, xn) 0 0. 0. particle decay 0 0. 0.
adjoint splitting 0 0. 0.
total 395962 1. 9794E+01 3. 4090E+02 total 395962 1. 9794E+01 3. 4090E+02
nunber of neutrons banked 370423 average time of (shakes) cutoffs
neutron tracks per source particle 1. 9798E+01 escape 5. 7616E+00 tco 1. 0000E+34
neutron col lisions per source particle 2.7981E+01 capture 4.8708E-01 eco  0.0000E+00
total neutron collisions 559626 capture or escape 5.7574E+00 wel -5.0000E-01
net multiplication 0. 0000E+00 . 0000 any termnation 5. 3337E+00 we2 -2.5000E-01

Calculated net neutron production for this case is 18.335, and examination of the net
nuclear interactions and net (n,xn) figures show very similar results to the base case. The
implication of this result is that we need not concern ourselves with light ion transport if the
quantity with which we concerned is related solely to neutrons, as neutron production by
light ions is small when we start with a proton beam.

Case 3

In this variation, we replace the Bertini INC model used in the base case for the simulation
of nucleon and pion interactions with nuclei by the ISABEL INC model (in this example,
both INC models utilize the same GCCI level density model). We invoke the ISABEL INC
model by including in the input deck the following card:

Base Case: Icaj | |

Case 3: | ca ] 2

This changes the value of the variable IEXISA (third value on the Ica card) from its default
value of 1 to 2. The neutron problem summary for this case follows:

sanpl e problem spallation target: Case 3

neutron creation tracks  weight ener gy neutron | oss tracks  weight ener gy

(per source particle) (per source particle)
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source 0 0. 0
nucl. interaction 302047 1.5102E+01 3. 2679E+02
particle decay 0 0. 0
wei ght w ndow 0 0. 0.
cell inportance 0 0. 0
wei ght cut of f 0 0. 0
energy inportance 0 0. 0
dxtran 0 0. 0
forced collisions 0 0. 0
exp. transform 0 0. 0.
upscattering 0 0. 0
tabul ar sanpling 0 0. 0
(n, xn) 78250 3. 9089E+00 1. 8916E+01
fission 0 0. 0
phot onucl ear 0 0. 0
tabul ar boundary 1 5. 0000E- 05 7. 4505E- 03
(gamma, xn) 0 0. 0
adjoint splitting 0 0. 0
total 380298 1. 9011E+01 3. 4571E+02
nunber of neutrons banked 355177
neutron tracks per source particle 1. 9015E+01
neutron col lisions per source particle 2.6865E+01
total neutron collisions 537297
net multiplication 0. 0000E+00 . 0000

escape

capture

any termnation

escape 351353
energy cutoff 0
time cutoff 0
wei ght w ndow 0
cell inportance 0
wei ght cut of f 0
energy inportance 0
dxtran 0
forced collisions 0
exp. transform 0
downscattering 0
capture 0
loss to (n,xn) 25121
loss to fission 0
nucl . interaction 3823
tabul ar boundary 1
particle decay 0
total 380298
average time of (shakes)

5. 7572E+00

4.9166E- 01

capture or escape 5.7530E+00

5. 3162E+00
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1. 7552E+01 2. 2257E+02
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 9. 3603E+00

1. 3946E- 02 7.4771E-02

1. 2545E+00 4. 9306E+01

0

1.9115E-01 6. 4394E+01

5. 0000E- 05 7. 4505E- 03

0

1.9011E+01 3. 4571E+02

cutoffs
tco 1. 0000E+34
eco 0. 0000E+00
wcl -5.0000E-01
wc2 -2.5000E-01

Note the net neutron production calculated with the ISABEL INC model is 17.569, which
is 3.8% below the value predicted by the Bertini INC model. This is consistent with other
studies that reveal slightly lower neutron production resulting from ISABEL as compared

to Bertini.

Case 4

In the next variation from the base case we use the new evaluated proton libraries for
transporting protons below 150 MeV, replacing the Bertini model used at all proton
energies in the base case. We invoke transport of protons with energies less than 150
MeV by including a phys:h card to specify the transition energy between LAHET physics

and data evaluations for proton transport:

Base Case: phys: h 1000.

j

0.
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Case 4: phys: h 1000. 150.
The neutron summary table for this case is shown below.
Sanpl e probl em spallation target: Case 4
neutron creation tracks  weight ener gy neutron | oss tracks  weight ener gy
(per source particle) (per source particle)
source 0 0. 0. escape 365199 1. 8244E+01 2. 1884E+02
nucl. interaction 308299 1. 5415E+01 3. 2024E+02 energy cutof f 0 0. 0.
particle decay 0 0. 0. time cutoff 0 0. 0.
wei ght wi ndow 0 0. 0. wei ght wi ndow 0 0. 0.
cell inportance 0 0. 0. cell inportance 0 0. 0.
wei ght cutof f 0 0. 0. wei ght cutof f 0 0. 0.
energy inportance 0 0. 0. energy inportance 0 0. 0.
dxtran 0 0. 0. dxtran 0 0. 0.
forced collisions 0 0. 0. forced collisions 0 0. 0.
exp. transform 0 0. 0. exp. transform 0 0. 0.
upscattering 0 0. 0. downscattering 0 0. 9. 8423E+00
tabul ar sanpling 7166 3. 5830E- 01 1. 8289E+00 capture 0 1.4179E-02 7.6277E-02
(n, xn) 78791 3. 9358E+00 1.9090E+01 loss to (n,xn) 25324 1. 2646E+00 4. 9542E+01
fission 0 0. 0. loss to fission 0 0. 0.
phot onucl ear 0 0. 0. nucl. interaction 3733 1. 8665E-01 6. 2865E+01
tabul ar boundary 0 0. 0. tabul ar boundary 0 0. 0.
(gamma, xn) 0 0. 0. particle decay 0 0. 0.
adj oint splitting 0 0. 0.
total 394256 1. 9709E+01 3. 4116E+02 total 394256 1. 9709E+01 3. 4116E+02
nunber of neutrons banked 368932 average tinme of (shakes) cutoffs
neutron tracks per source particle 1. 9713E+01 escape 5. 7563E+00 tco 1. 0000E+34
neutron col lisions per source particle 2.7817E+01 capture 4.6071E-01 eco 0. 0000E+00
total neutron collisions 556332 capture or escape 5.7522E+00 wcl -5.0000E-01
net multiplication 0. 0000E+00 . 0000 any termnation 5.3292E+00 wc2 -2.5000E-01

Net neutron production for this case is 18.285 n/p, which is 0.1% greater than the base
case value. Thus, as for neutrons, the new 150-MeV proton evaluations for lead predict
higher neutron production by protons in the energy range 20 to 150 MeV than does the
Bertini INC model. Since the proton evaluations are considered to be more accurate than
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the Bertini model, the n/p value for this case should be considered more accurate than the
value calculated in the base case.

Case 5

In the final variation from the base case we use the CEM model for neutron, protons and

pions. CEM is turned on by setting the 9th entry of the LCA card to 1:

Base Case: LCA |

Case 4:

LCA

j

I

I

The neutron summary table for this case is shown below.

sanpl e problem spallation target: Case 5
n creation tracks  weight ener gy neutron | oss tracks  weight ener gy
(per source particle) (per source particle)
source 0 0. 0. escape 313015 1. 5635E+01 2. 1374E+02
nucl. interaction 254437 1.2722E+01 3. 1302E+02 energy cutoff 0 0. 0.
particle decay 0 0. 0. tine cutoff 0 0. 0.
wei ght w ndow 0 0. 0. wei ght w ndow 0 0. 0.
cell inportance 0 0. 0. cell inportance 0 0. 0.
wei ght cutof f 0 0. 0. wei ght cutof f 0 0. 0.
energy inportance 0 0. 0. energy inportance 0 0. 0.
dxtran 0 0. 0. dxtran 0 0. 0.
forced collisions 0 0. 0. forced collisions 0 0. 0.
exp. transform 0 0. 0. exp. transform 0 0. 0.
upscattering 0 0. 0. downscattering 0 0. 7. 3438E+00
tabul ar sanpling 0 0. 0. capture 0 1. 3051E- 02 8. 5469E- 02
(n, xn) 91571 4. 5738E+00 2. 1850E+01 loss to (n,xn) 29374 1. 4667E+00 5. 7124E+01
fission 0 0. 0. loss to fission 0 0. 0.
phot onucl ear 0 0. 0. nucl. interaction 3619 1. 8095E- 01 5. 6576E+01
tabul ar boundary 1 5. 0000E- 05 7. 4680E- 03 tabul ar boundary 1 5. 0000E- 05 7. 4680E- 03
(gamma, xn) 0 0. 0. particle decay 0 0. 0.
adjoint splitting 0 0. 0.
total 346009 1. 7296E+01 3. 3488E+02 total 346009 1. 7296E+01 3. 3488E+02
nunber of neutrons banked 316635 average time of (shakes) cutoffs
neutron tracks per source particle 1. 7300E+01 escape 5. 7337E+00 tco 1. 0000E+34
neutron collisions per source particle 2.3611E+01 capture 4.7022E-01 eco 0. 0000E+00
total neutron collisions 472212 capture or escape 5.7293E+00 wcl -5.0000E-01
MCNPX User’s Manual 201



MCNPX User’s Manual
Version 2.4.0, September, 2002
LA-CP-02-408

net multiplication 0. 0000E+00 . 0000 any termnation 5. 1842E+00 wc2 -2.5000E-01

Net neutron production for this case is 15.648 n/p, which is 14.3% than the base case
value. Note also that CEM took twice as long to run as the base case. Both of these factors
are well known, and CEM improvements is a very active project in the MCNPX program.
The increase in time is understood, and will be corrected in future versions through
algorithm optimization. The lower n/p values are also being extensively benchmarked, and
improvements involving the transitions from INC to Preequilibrium, and Preequilibrium to
evaporation have been developed. Until the new version is available, the user should be
cautious in using the CEM model for production calculations.

Summary

Results compiled for each case of this example are shown in A-2. Note the run time for
the case where the ISABEL INC model is used is about 15% greater than the base case
using the Bertini model. Case 2 also runs slower since the light ion interactions are
provided by the ISABEL model. Invoking the 150-MeV proton libraries slows execution by
about 11% in this example.

Table A-2. Results Compiled for Summary Cases

. Runtime
Case Variation from base case . n/p
(minutes)?

base n/a 27.66 18.263

1 LAHET transport for 20-150 28.44 18.364
MeV neutrons

2 light ion transport & nuclear 33.55 18.335
interaction

3 ISABEL INC for nucleons and | 31.91 17.569
pions

4 evaluated data used for pro- 30.66 18.285
tons below 150 MeV

5 CEM INC for nucleons and 60.14 15.638
pions

a. Cases were run on an IBM AIX box.

This example demonstrates how to calculate neutron production from a spallation target.
Use of the new LA150 library that extends evaluated nuclear data up to 150 MeV gives the
most accurate results, particularly if the new proton evaluations are used in addition to the
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neutron evaluations. When the quantity of interest depends only on neutrons and one
starts with a proton beam, there is no need to transport any particles other than protons,
neutrons, and charged pions, as neutron production by other particles is negligible
compared to production by these three particle types1. Use of the various LAHET physics
model options, such as the ISABEL and CEM INC modules, within MCNPX is
encouraged—this provides the user with the ability to test the sensitivity of the quantity of
interest to the different physics models. If significant differences are observed, the user
should evaluate which physics model is most appropriate for his or her particular
application. For example, total neutron production from actinide targets is known to be
more accurate if the multi-step preequilibrium model (MPM) is turned off, which is not its
default setting.

1. All particles should be included for energy deposition calculations, as discussed in Section 8.3.
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8 Appendix B — HTAPE3X for use with MCNPX

This appendix is reprinted from “HTAPE3X for Use with MCNPX,” Richard E. Prael, Los
Alamos Report LA-UR-99-1992, April 16, 1999.

Abstract

HTAPE3X is a code for processing medium- and high-energy collision data written to a
history file by MCNPX. In addition, it provides surface flux and current edits which
supplement the standard MCNP tallies.

1. The HTAPE3X Code

HTAPE3X is a modification of the HTAPE code from the LAHET Code System [1] designed
to provide analysis of the history file HISTP optionally written by MCNPX [2]. It is primarily
intended to provide an analysis of the outcome of collisions in the medium- and high-
energy range where the interaction physics is obtained from LAHET.

However, all appropriate features have been retained, even when they duplicate existing
MCNP flux and current tallies [3]. The latter features relate to editing a "surface source
write (SSW)" file (default name WSSA). For experienced LAHET users, they do provide
some options not available with standard MCNP F1 and F2 tallies.

Note that the information written to HISTP comes only from interactions processed by the
medium- and high-energy modules in MCNPX; low-energy neutron and proton (and any
photon/electron) collisions which utilize MCNP library data do not contribute to the collision
information on the history file and will not contribute to edits by HTAPE3X of collision data.
Surface crossing edits from data on the file WSSA will apply to all particle types and all
energies.

2. Input for HTAPE3X

The input structure is largely unchanged from the description in reference [1]. In general,
energy units are MeV, time units are nanoseconds, and length units are centimeters. Note
the difference in the time scale from MCNP practice.

The input file (default name INT) for HTAPE3X has the following structure:

1. Two records of title information, 80 columns each.

2. An option control record.
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3. Additional input as required by the chosen option.

Iltems 2 and 3 above are written as "list-directed input" [1]. Repeat counts are allowed,
including repeat counts for commas to take default values (i.e., "4*," expands to ",,,,").
Multiple cases may be processed; for each case the above structure applies. Slashes "/"
are allowed only in the first pair of title cards unless each title card containing one or more
slashes has an "S" in column 1.

The option control record defines the options to be used and the additional input
information that must be specified for the problem. The structure of this record is

IOPT,NERG,NTIM,NTYPE,KOPT,NPARM,NFPRM,FNORM,KPLOT,
IXOUT,IRS,IMERGE,ITCONV,IRSP,ITMULT/

Some of the parameters in this record may optionally be preceded by a minus sign whose
meaning is defined below. Thus if NTIM is specified by inserting "-3" in the option control
record, it is interpreted as NTIM = 3 with a minus-sign flag attached. In the discussion

which follows, input control parameters are treated as positive or zero quantities, even
though the flag may be present.

Table B-1. Applicability of Input Control Parameters

IOPT | % | W' | e | Rm | Rw | ot | 07 | 'ee | W | RSP |Gl
1 @] @) R R O] N N o O] 0] o
101 O O] R R O] N N O] O] o O]
2, o O R R N N N o o o O]
102
3 @) O] N 0 N 0 N N 0 N N
103 O] O] N R N 0 N N 0 N N
5 N N N 0 N 0 N N N N N
105 N N N R N 0 N N N N N
8 N N N 0 N 0 0 N N N N
108 N N N R N 0 0 N N N N
9, @] @) R R O] N N o O] o O]
109
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Table B-1. Applicability of Input Control Parameters (Continued)

IOPT | %% | W | R | Rm [ Rw | or | U7 | 'ee | W | RSP | Gir
10, @] 0] R R N N N 0] o o o
110

11, @] N R R @] N N 0] N N N
111

12, @] N R R 0] N N 0] N N N
112

13 ) ) R ) ) N N ) ] ] ]
14 N N N o N N N N N N 0]
114 N N N R N N N N N N 0]
15 N N N 0] N 0] 0] N N N N
115 N N N R N 0] 0] N N N N
16 @] N N 0 N 0] N N N N N
116 0] N N R N 0] N N N N N

R =required, O = optional, N = not used. IRS is optional with any value of IOPT.

IOPT defines the editing option to be applied as defined below. For all but IOPT =13, 100
may added to the basic option type to indicate that the tally over a list of cell, surface, or
material numbers will be combined in a single tally. Prefixing IOPT by a minus sign, when
allowed, indicates an option-dependent modification to the tally.

NERG , when applicable, defines the number of energy bins for the tally; the maximum is
2000. The default is 0, implying that only a total over energy will be produced. If NERG is
> | and is preceded by a minus sign, the tally in each energy bin will be divided by the bin
width to normalize per MeV. The total over energy will be unnormalized.

Table B-2. Applicability of Minus-Sign Flags on Input Control Parameters

IOPT -IOPT -NERG -NTIM -NTYPE | -NPARM | -NFPRM
1,101 O] O] O] N O] O]
2,102 o o o N o N
3, 103 O] 0] 0] N 0] N
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Table B-2. Applicability of Minus-Sign Flags on Input Control Parameters (Continued)

IOPT -IOPT -NERG -NTIM -NTYPE | -NPARM | -NFPRM
5, 105 o N N N O] N
8, 108 O N N N O N
9, 109 O] O] O] N O] O]
10, 110 o o O] N o N
11,111 N O] N N O O
12,112 N O] N N O] O]
13 o o o N N N
14, 114 N N N N O] N
15, 115 O N N N O] N
116 O O N N o N

O = optional; N = not used.

NTIM defines the number of time bins for the tally when applicable; the maximum is 100.
The default is 0, implying that only a total over time will be produced. If NTIM is > 1 and is
preceded by a minus sign, the tally in each time bin will be divided by the bin width to
normalize per nanosecond; the total over time will be unnormalized.

NTYPE defines the number of particle types for which the edit is to be performed for those
options where it is applicable; the particle type is that of the particle causing the event,
which is recorded on the history tape. The default is 0; however, some options require that
a value be supplied.

KOPT defines a sub-option for tally option IOPT. The default is 0.

NPARM usually defines the number of cells, materials, or surfaces over which the tally is
to be performed when applicable; the maximum is 400. If NPARM is preceded by a minus
sign, NPARM+ | normalization divisors will be read in as described below. The default is 0;
however, some options require that a value be supplied.

NFPRM, at present, is used only to define the number of cosine bin boundaries to read in
for particle current tallies; the maximum is 400. If NFPRM is preceded by a minus sign,
cosine bin tallies will be normalized per steradian: the total over cosine bins will remain
unnormalized (i.e., angle integrated). The default is 0.
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Table B-3. Particle Type Identification in HTAPE3X

Type LAHET Usage MCNPX Usage
0 proton proton, 5
1 neutron neutron, H
2 TE+ TE+, s
3 70 70
4 T
5 ut
6 W w, u*
7 deuteron deuteron
8 triton triton
9 SHe SHe
10 alpha alpha
11 photon photon
12 K* K, K~
13 Kolong Kolong
14 K%hort K%hort
15 K=
16 F_)
17 H
18 electron electron, positron
19 positron
20 neutrino neutrino,
antineutrino
21 antineutrino

LA-CP-02-408

MCNPX User’'s Manual

209



MCNPX User’s Manual
Version 2.4.0, September, 2002
LA-CP-02-408

FNORM may be used to apply an overall multiplicative normalization to all bins, except for
IOPT =11, 111,12, or 112. For these cases, FNORM multiplies the time variable (e.g., use
FNORM = 0.001 to convert from nanoseconds to microseconds). The default is 1.0.

KPLQOT is a plot control flag; plotting is available for some options (provided it has been
installed with the code using the LANL CGS and CGSHIGH Common Graphics System
libraries). Using a 0 indicates that no PLOT file will be produced and is the default.

IXOUT is a flag to indicate that the tally will be written to a formatted auxiliary output file
for post-processing. The details (and the file name) are option-dependent; however, a 0
indicates that no such file will be written, and is the default.

IRS is the RESOURCE option flag. A non-zero value. indicates that the option will be
turned on; 0 is the default (see Section 19 below).

IMERGE is not used in HTAPE3X; see Section 20 below.

ITCONV is the TIME CONVOLUTION option flag. A non-zero value indicates that the
option will be turned on; 0 is the default (see Section 21 below).

IRSP is the RESPONSE FUNCTION option flag. IRSP > 0 indicates that the tally will be
multiplied by a user-supplied response function; IRSP < 0 indicates that the tally will be
divided by a user-supplied response function. The default is 0. For a discussion, see
Section 22 below.

ITMULT is the TIME MULTIPLIER flag. ITMULT > 0 indicates that the weights tallied will
be multiplied by the event time. This option applies only when the basic option type is 1, 2,
4,9, 10, or 13.

The standard definitions for these input variables may not apply for some options. The
applicability of the option control parameters is summarized in Fable-B4.

According to the parameters specified on the option record, the following records are
required in the order specified:

*  For NERG > 0, a record defining NERG upper energy bin boundaries, from low to
high, defined as the array ERGB(l),I=1,NERG. The first lower bin boundary is implic-
itly always 0.0. The definition may be done in four different ways. First, the energy
boundary array may be fully entered as ERGB(I), I=1,NERG. Second, if two or more,
but less than NERG, elements are given (with the record terminated by a slash), the
array is completed using the spacing between energy boundaries obtained from the
last two entries. Third, if only one entry is given, it is used as the first upper energy
boundary and as a constant spacing between all the boundaries. Fourth, if only two
entries are given with the first negative and the second positive, the second entry is
used as the uppermost energy boundary, ERGB(NERG), and the first entry is inter-

210 MCNPX User’s Manual



MCNPX User’s Manual
Version 2.4.0, September, 2002
LA-CP-02-408

preted as the lethargy spacing between bin boundaries. Thus the record "-0.1,800./"
will specify ten equal-lethargy bins per decade from 800 MeV down.

For NTIM > 0, a record specifying NTIM upper time bin boundaries, from low to high,
defined as the array TIMB(I),I=1,NTIM. The first lower time boundary is always 0.0.
The same four methods that are allowed for defining the energy boundaries may also

be used to define the time bin boundaries.

Table B-4. Order of HTAPE3X Input Records

(-)IOPT.,...

option control record (always required)

ERGB(I),I=1,NERG

upper energy bin limits

TIMB(I),I=1,NTIM

upper time bin limits

ITIP(l),I=1,NTYPE

particle type identifiers

LPARM(I),I=1,NPARM

surface, cell, or material identifiers

FPARM(I),I=1,NFPRM

upper cosine bin boundaries

DNPARM(1),I=1,NPARM+1

normalization divisors

original source definition record for RESOURCE option

new source definition record for RESOURCE option

ITOPT, TWIT,TPEAK, TWIT

parameters for TIME CONVOLUTION

ERESP(I),I=1,NRESP

energy grid for RESPONSE FUNCTION

FRESP(l),I=1,NRESP-1

function values for RESPONSE FUNCTION

IRESP(l),I=1,NRESP-1

interpolation scheme for- RESPONSE FUNCTION

segment definition record
or
window definition record

CN(1),1=1,3

arbitrary direction vector for defining cosine binning

For NTYPE > 0, a record containing NTYPE particle types in any order, defined as the
array ITIP(I),I=I,NTYPE. In the present MCNPX , the contents of a surface source file
WSSA are insufficient to distinguish between a particle and its antiparticle; it is to be
expected that this condition will be remedied in future releases of MCNPX.

For NPARM > 0, a record containing NPARM user-defined cell, material, or surface
numbers (integers), in any order, for which one wishes a tally to be made; these are
defined as the array LPARM(I),I=1,NPARM. If a null record ("/") is supplied with
NPARM > 0, it is treated as "1,2,3,...NPARM/". (Note: a different meaning for NPARM
is used for IOPT = 13.)
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*  For NFPRM > 0, a record containing NFPRM upper cosine bin boundaries, defined as
the array FPARM(I),1I=1,NFPRM. The first lower cosine boundary is always -1.0. If a
null record is supplied, equal cosine bin boundaries from -1.0 to 1.0 will be defined by
default.

+ If NPARM is preceded by a minus sign, a record containing NPARM or NPARM+1 nor-
malization divisors; these are defined in HTAPE3X as the DNPARM array. The
NPARM values are in a one-to-one correspondence with the LPARM array. The last
(NPARM+1) entry applies to a total over the NPARM entities where applicable; if omit-
ted, it defaults to 1.0. Through this feature it is possible to input a list of volumes,
areas, or masses, as appropriate, obtained from a MCNP calculation. When IOPT >
100, the NPARM cell, surface, or material identifiers are treated as a single entity in
constructing a tally edit. In this case, the NPARM normalization divisors are summed
to a single divisor. Consequently, one may supply the full list of divisors, if appropriate,
or just supply one value for the common tally.

+ For IRS > 0, the original source definition record (in LAHET format as described in
Section 2.4 of reference [1]) followed by the new source definition record (also in
LAHET format).

e ForITCONV = 0, a LAHET source time distribution record as described in Section 2.4
of reference [1].

* For IRSP = 0, three records defining the user-supplied response function:
ERESP(I),I=1,...,NRESP a monotonically increasing energy grid on which the value of
the response function is tabulated;

FRESP(l),I=1,...,NRESP the values of the response function at the above energies,

IRESP(I),I1=1,...,NRESP-1 interpolation scheme indicators, where IRESP(l) indicates the
interpolation scheme to be used for the response function in the I-th energy interval.

The length NRESP < 200 is obtained from the array ERESP input (terminated by a "/”).
The user must maintain the proper correspondence among the arrays (see Section 22
below).

* Any additional input required for the particular option. For basic option types 1, 2, or
11, this may be the specification of surface segmenting. For basic option types 9, 10,
or 12, it is the collimating window definition. Also, for basic option types 1, 9, 11, or 12,
an arbitrary vector for angular binning may be input.

3. Edit Option IOPT =1 or 101 : Surface Current

Option 1 tallies the particle current across the NPARM-designated surfaces; it is
analogous to the MCNP F1 tally. If IOPT is preceded by a minus sign, the weight binned
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is multiplied by the particle energy. The number of energy bins is given by NERG The
number of particle types for which surface crossing data is to be tallied is given by NTYPE
and must be > 0. Current will be tallied on NPARM surfaces; a total over surfaces is not
performed. Any of the above particle types may be specified. Binning into NFPRM cosine
bins is defined by the value of KOPT. For KOPT = 0 or 5, the cosine is taken with respect
to the normal to the surface at the crossing point. For KOPT = 1 or 6, the cosine is taken
with respect to the x-axis. For KOPT = 2 or 7, the cosine is taken with respect to the y-axis.
For KOPT = 3 or 8, the cosine is taken with respect to the z-axis. For KOPT = 4 or 9, the
cosine is taken with respect to an arbitrary vector to be read in.

If KOPT =5, 6, 7, 8, or 9, the current tallies are binned according to a slicing of each

surface into NSEG+1 segments by NSEG planes. In this case, all additional record of the
following form is required: "IFSEG,NSEG,FSEG(1), ... FSEG(NSEG)/". For IFSEG = 1 the
segmenting planes are perpendicular to the x-axis, for IFSEG = 2 the y-axis, and for IFSEG
= 3 the z-axis. The FSEG(l) are the coordinates of the NSEG planes in increasing order.

Segmenting may also be accomplished by using segmenting cylinders. The input has the
same format as segmenting by planes; however, IFSEG negative designates cylindrical
segmenting. IFSEG = -1 indicates that the segmenting cylinders are concentric with the x-
axis; IFSEG = -2 indicates that the segmenting cylinders are concentric with the y-axis;
IFSEG = -3 indicates that the segmenting cylinders are concentric with the z-axis. The
values of the FSEG array are the radii of nested concentric cylinders and must be in
increasing order. Segmenting cylinders are concentric with an axis, not just parallel.

For KOPT = 4 or 9, an additional record must be supplied with the direction cosines of the
arbitrary vector with which cosine binning is to be made. The form of this record is
"CN(1),CN(2),CN(3)/", where the parameters input are the direction cosines of the
arbitrary vector with respect to the x-, y-, and z-axes. The vector need not be normalized.

The surface current tally represents the time-integrated current integrated over a surface
area and an element of solid angle. Unless otherwise normalized, it is the weight of
particles crossing a surface within a given bin per source particle. As such, it is a
dimensionless quantity.

4. Edit Option IOPT = 2 or 102 : Surface Flux

The surface flux tally is analogous to an MCNP F2 tally. All particle types listed above may
be specified. The number of energy bins is given by NERG. The number of particle types
for which surface flux data is to be tallied is given by NTYPE and must be > 0. NFPRM is
unused. If KOPT =1, surface segmenting is performed as in option | above; the same input
record to designate the segmenting planes or cylinders must be included as in option 1. If
IOPT is preceded by a minus sign, the particle weight is multiplied by its energy before
tallying.
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The surface flux tally represents the time-integrated flux integrated over surface areas.
Unless otherwise modified, it is a dimensionless quantity.

5. Edit Option IOPT =3 or 103 : Particle Production Spectra

Option 3 may be used to tally the spectra of particles produced in nuclear interactions. It
accesses all collision records on HISTP for all particles causing collisions. If IOPT is
preceded by a minus sign, the edit is performed only for events initiated by the primary
(source) particles. For KOPT = 0 or 1, separate edits are performed for cascade and
evaporation phase production. In addition, total nucleon production from either phase is
edited. For KOPT = 2 or 3, only the cascade production is edited. For KOPT =4 or 5, only
the evaporation phase production is edited. For KOPT = 6 or 7, only the total particle
production is edited. For KOPT = 8 or 9, only the pre-fission evaporation production is
edited. For KOPT = 10 or 11, only the post-fission evaporation production is edited. If
KOPT is even, the edit is over cell numbers; if KOPT is odd, the edit is over material
numbers. If NPARM is zero, the edit is over the entire system. The parameters NTYPE and
NFPRM are not used. If KPLOT = 1, a plot is made of each edit table. With KOPT = 0 or
1, the cascade production for neutrons and protons is simultaneously plotted (as a dotted
line) with the total production.

Unless otherwise modified, tally option 3 (or 103) represents the weight of particles
emitted in a given bin per source particle. As such, it is a dimensionless quantity.

6. Edit Option IOPT =4 or 104 : Track Length Estimate for Neutron
Flux

Option 4 is not available in this version; use a standard F4 flux tally.

7. Edit Option IOPT =5 or 105 : Residual Masses and Average
Excitation

Option 5 provides an edit by mass number A of the calculated residual masses and the
average excitation energy for each mass. Only nonelastic interactions are included. The
option accesses the records on HISTP for all interacting particle types. The edit is
performed for both the final residual masses and the residuals after the cascade phase. If
IOPT is preceded by a minus sign, the edit is performed for events initiated by primary
(source) particles only. For KOPT = 0, the edit is by cell numbers; if KOPT = 1, the edit is
by material numbers. If NPARM = 0, the edit is over the entire system. The parameters
NTIM, NTYPE, and NFPRM are immaterial. KPLOT = 1 will produce plots of each edit
table.
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Tally option 5 (or 105) represents the particle weight producing a given nuclide per source
particle; as such, it is a dimensionless quantity. The mean excitation is in units of MeV.

8. Edit Option IOPT =6 or 106 Energy Deposition

Option 6 is not available in this version.

9. Edit Option IOPT =7 : Mass and Energy Balance

Option 7 is not available in this version.

10. Edit Option IOPT =8 or 108 : Detailed Residual Mass Edit

Option 8 provides a detailed edit of residual masses by Z and N, by Z only, by N only, and
by mass number A. The option accesses the records on HISTP for all interacting particle
types. If IOPT is preceded by a minus sign, the edit is performed only for events initiated
by primary (source) particles. If KOPT = 0 or 1, the edit is of the final residual masses,
including elastic collisions. If KOPT = 2 or 3, the edit is of the residuals after the cascade
phase and before evaporation. If KOPT = 4 or 5, the edit is of masses immediately
preceding fission. If KOPT is even, the edit is by cell number; if KOPT is odd, the edit is by
material number. If KPLOT = 1, plots will be produced for each edit table. Parameters
NERG, NTYPE, and NFPRM are unused. If IXOUT = 1, an auxiliary output file appropriate
for input to the CINDER program will be written; the default file name is OPT8A. Unless
otherwise modified, tally units are dimensionless (weight of a residual nuclide per source
particle).

An additional tabulation is produced which shows the estimated metastable state
production as a fraction of the total isotopic production. As illustrated in the example here,
a state is identified by its excitation energy and half-life; the estimated fraction of total
isotope production associated with the particular metastable state is shown with the
estimated relative standard deviation.

Table 8-1.
z a elev t-half fraction
*
*
47 110 0.11770 2.17730D+07 4.00000D-01 0.3465
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Table 8-1.

a elev t-half fraction
47 111 0.05990 6.50000D+01 8.00000D-01 0.2001
47 116 0.08100 1.05000D+01 S.00000D-01 0.5001
48 113 0.26370 4.41500D+08 2.85714D-01 0.3195
48 115 0.17340 3.87070D+06 5.00000D-01 0.3536
48 117 0.13000 1.22400D+04 2.50000D-01 0.4331
48 119 0.14640 1.62000D+02 6.00000D-01 0.2329

11. Edit Option IOPT =9 or 109 : Surface Current with Collimating
Window

Option 9 is identical to option 1 except that a rectangular or circular "window" is imposed
on each surface and the tally made within and without the window. The window is defined
by the intersection of a rectangular or circular tube parallel to the x-, y-, or z-axis with the
tally surface. A window definition record appears in place of the segmenting record of
option 1. For KOPT =0, 1, 2, 3, or 4, the window is formed by the rectangular tube; the
window record has the following allowed forms:

parallel to x-axis: 1,y(min),y(max),z(min),z(max)/

parallel to y-axis: 2,z(min),z(max),x(min),x(max)/

parallel to z-axis: 3,x(min),x(max),y (min),y (max)/

For KOPT =5, 6, 7, 8, or9, the window is formed by a circular tube (cylinder); the window
record has the following allowed forms:

parallel to x-axis: 1,y(center),z(center),radius/

parallel to y-axis: 2,z(center),x(center),radius/

parallel to z-axis: 3,x(center),y(center),radius/

216
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12. Edit Option IOPT = 10 or 110: Surface Flux with Collimating
Window

Option 10 is identical to option 2 except that the edit is performed inside and outside a
"window" defined as in option 9. Instead of the segmenting record of option 1, a window
definition record appears, whose form is described in option 9. For KOPT = 0, the
rectangular form is used, and for KOPT = 1, the circular form is used. Parameter NFPRM
is unused.

13. Edit Option IOPT =11 or 111 : Pulse Shape of Surface Current

For each defined bin, option 11 provides an edit of the current crossing a surface in an
energy and angle bin, the mean time t of crossing in the bin, the standard deviation o of ¢
given by (t2—t ) ¥, the figure of merit FOM1 given by (current)/o? and the figure of merit
FOM?2 given by (current)/a®.

Unless otherwise modified, the current tally is dimensionless. The units of t and o are
nanoseconds, while FOM1 is in ns=2 and FOM2 is in ns~3. The parameter FNORM is used
to adjust the units of the time variable, which are nanoseconds in LAHETS3, and does not
modify the surface current edit. Thus, to convert from nanoseconds to microseconds, use
FNORM = 0.001. The bin definition is identical to option 1, including surface segmenting,
except that NTIM is unused.

14. Edit Option IOPT = 12 or 112: Pulse Shape of Surface Current
with Window

Option 12 provides the same edits as option 11 with the same bin definition as option 9
using a collimating "window." The input is identical to option 9, with the exception that NTIM
is unused.

15. Edit Option IOPT = 13 : Global Emission Spectrum

The original definition [I] of option 13 was given by

Option 13 tallies the number of particles per unit solid angle entering the external void
region with direction cosine falling within a segment of solid angle; as such, it represents
the angular distribution of the emitted particles at a very large distance from the interaction
region. The option uses any NCOL = 4 leakage records on HISTP and all records on
HISTX indiscriminately.
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Surface crossing records appearing on a SSW-written file are not distinguished as to
whether they correspond to an internal surface crossing or to escape into the external void.
Therefore, for use with MCNPX, the original intent of this option may most easily be
achieved by defining the external importance 0 (leakage) region as the exterior of a sphere
containing the complete geometry; then only specifying the defining spherical surface on
the SSW card that controls the contents of the surface crossing file.

Energy binning is specified by the usual methods. The number of energy bins is given by
NERG. The number of particle types for which surface crossing data are to be tallied is
given by NTYPE and must be > 0. The polar angle bins (representing lines of latitude) are
defined by entering the NFPRM cosine values in the FPARM array. Binning in the
azimuthal angle @ corresponding to lines of longitude, is determined by the value of
NPARM, which defines NPARM equal azimuthal angle bins from a lower bound of 0° on
the first bin to an upper bound of 360° on the last bin. The value of KOPT determines the
orientation used to define the angles as shown in Figure D-1. The allowed options are as
follows:

KOPT = 1: the +z-axis defines the polar angle and @ is measured counter-clockwise from
the +x-direction;

KOPT = 2: the +z-axis defines the polar angle and @ is measured counter-clockwise from
the +y-direction;

KOPT = 3: the +x-axis defines the polar angle and @ is measured counter-clockwise from
the +y-direction;

KOPT = 4: the +x-axis defines the polar angle and @ is measured count er- clockwise from
the +z-direction;

KOPT = 5: the +y-axis defines the polar angle and @ is measured counter-clockwise from
the +z-direction;

KOPT = 6: the +y-axis defines the polar angle and @ is measured counter- clockwise from
the +x-direction.

A value of KOPT = 0 defaults to KOPT = 1. For NPARM =1, a null record "/" must be
supplied in place of the LPARM array; NPARM = 0 defaults to NPARM = 1, but the null
record need not be supplied. If a null record is supplied for the FPARM array, NFPRM equal
cosine bins from -1.0 to 1.0 are supplied.

The following is an example of the input for using option 13:

Title 1: Option 13 Example

Title 2: 100 Equal Solid Angle Bins
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13,-10,,1,1,10,10/,
-0.5,800./

1/

/

/

In this case, the energy is binned in 10 equal lethargy intervals of half-decade width below
800 MeV and normalized per MeV. No time binning is done. Only neutrons are edited. The
z-axis determines the polar angle, and the azimuthal angle is measured from the x-axis.
Ten azimuthal angle bins are used, and 10 equal polar angle cosine bins are defined by
taking the default. Note that the last four records could be written on one line as "-0.5,800./
1.

Tally option 13 may be considered as the time-integrated particle current integrated over
a sphere in a void at a very large distance for the interaction region. Since it is normalized
per unit solid angle, the units are dimensionless, being sr per source particle.

16. Edit Option IOPT = 14 or 114 : Gas Production

Option 14 provides an edit of hydrogen and helium gas production, by isotope, by element,
and total. Unless modified by FNORM, the units of gas production are atoms per source
particle. If KOPT = 0, the edit is by cell number; if KOPT = 1, the edit is by material. NERG,
NTIM, and NTYPE are unused. The estimate is made by tallying all H and He ions stopped
in a cell or material, including source particles.

17. Edit Option IOPT = 15 or 115 : Isotopic Collision Rate

Option 15 has been added to provide a collision rate edit by target isotope. The input has
the same meaning as for IOPT = 8, with the following exceptions: KOPT = 0 or 1 tabulates
all collisions; KOPT = 2 or 3 tabulates elastic scattering only; KOPT = 4 or 5 tabulates
nonelastic events only. If KOPT is even, the edit is by cell number; if KOPT is odd, the edit
is by material number. A CINDER removal rate input file will produced for IXOUT > 0. The
default CINDER file name is OPT15A.
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18. Edit Option IOPT = 16 or 116 : Recoil Energy and Damage
Energy Spectra

Option 16 provides an edit of the spectra of total recoil energy, elastic recoil energy, total
damage energy, and elastic damage energy. Also estimated are the mean weight of
recoiling fragments per history, mean weight of recoil (or damage) energy per history, and
the mean energy per fragment (the ratio of the previous two estimates). NERG specifies
the number of energy bins for the spectra; a minus sign on NERG will have the tabulation
normed per MeV (recommended to produce a true spectrum). Input variables NTIM,
NTYP, NFPRM, IXOUT, IRS, IMERGE, ITCONYV, and IRSP are unused. KOPT =0
indicates tally by cell; KOPT = 1 indicates tally by material. NPARM is the number of cells
(or materials) to be read in for the tally. If a minus sign flag is used with IOPT (IOPT = -16),
the weights tallied for the spectra will be multiplied by corresponding recoil (or damage)
energy.

At any collision, the damage energy E, is obtained from the recoil energy E, of nucleus A,
Z, by the relation of Linhard [4]

Eq=E L(E)
using the formulation of Robinson [5]:

Table 8-2.

k;

_0.13374522/3Z}" (A, - A,-)z ( 2 )3/4

B 2 4 2 Z23 4 g2
0.03252A; E;

(Ar + A) 2, Z:( 22 + 223102

g(&:) = € + 0.40244¢* + 3.4008¢,/°

LB = 2.1 + lf;g(ee)

=1

where the summation is over the components of the material with atom fractions f,
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19. The Resource Option

The RESOURCE option allows the user to edit the data available on a history file while
altering the assumed spatial distribution of the source from that used in the original
calculation. For its application, see reference [1].

20. The Merge Option

Not used in HTAPE3X. For any tally either the HISTP file or the HISTX file is edited, but
not both.

21. The Time Convolution Option

Assume that an initial calculation has been made with the default source time distribution
(i.e., all histories start at t=0). A time-dependent tally for any of the allowed LAHET source
time distributions may then be made with HTAPE3X without rerunning the transport
calculation. For details, see reference [1].

22. The Response Function Option

Any non-zero value of the IRSP parameter allows the user to apply an energy-dependent
response function F(E), where E is the particle energy, to the current and flux tallies given
by edit option types 1, 2, 4, 9, 10, and 13. The user supplies a tabulation of the function
F(E) by the pairs of values FRESP(I), ERESP(I) which are input as the arrays
ERESP(l),I=1,...,NRESP and FRESP(l),I=1,..., NRESP described in Section 2 above. The
element IRESP(I) of the third input array then specifies an interpolation scheme for
computing the response function value within the interval ERESP(I) < E < ERESP(I+1). For
IRSP > 0, the interpolated response function value multiplies the tally increment; for IRSP
< 07 it divides the tally increment.

There are five interpolation schemes that may be specified individually for each energy
interval in the response function tabulation, using the following values for IRESP(I).

1. Constant: the response function value is the value at the lower energy of the
interval.

2. Linear-linear: the response function is interpolated linearly in energy.

3. Linear-log: the response function is interpolated linearly in the logarithm of
the energy.
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4. Log-linear: the logarithm of the response function is interpolated linearly in
energy.
5. Log-log: the logarithm of the response function is interpolated linearly in the

logarithm of the energy.

Any value of IRESP(I) outside the range [1,5] is treated as 1 (i.e., constant over the
interval).

The energy range for the specified response function need not span all possible particle
energies in the problem. If a particle energy falls below ERESP(1), then FRESP(1) is
used as the value of the response function. Similarly, if a particle energy exceeds
ERESP(NRESP), then FRESP(NRESP) is used as the value of the response function.

23. Executing HTAPE3X

The default file name for the input is INT; the default file name for the output is OUTT; the
default file name for the history file is HISTP; and the default file name for the surface
crossing file is HISTX for input into HTAPE3X. (The latter is written by MCNPX with the
default file name WSSA.) If option 8 is requested, the data file PHTLIB must be in the
user's file space; if option 16 is requested, the data file BERTIN must be in the user's file
space. All these file names may be defined by file replacement on the execute line:

HTAPE3X INT=my_input OUTT=my_output HISTP=file1 HISTX=file2
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9 Appendix C-Using XSEX3 with MCNPX

1. Introduction

XSEX3 is the code which analyzes a history file produced by LAHET3 or MCNPX and
generates double-differential particle production cross sections for primary beam
interactions. Cross section plots may also be generated by creating a file to be plotted by
MCNP. It is necessary to execute either code in a specific mode, described below, to
achieve the desired cross section calculation.

The execution of XSEX3 assumes that the LAHET run was made using the option N1COL
= -1. Under this option, the incident particle interacts directly in the specified material in
which the source is located without any transport; the only possible outcomes are a
nuclear interaction or no interaction. The procedure may be used to calculate double-
differential particle production cross sections from any of the interaction models in the
code (Bertini, ISABEL, CEM, etc.); the procedure has no meaning if such a model is not
allowed for the specified particle type at the specified energy.

2. Input for MCNPX

Since there is no way to avoid the MCNPX geometry input, the user should define a region
containing the material for which the cross sections are desired and locate the source in
that region. To avoid possible error, only one material should be defined. Note: with N1COL
= -1, MCNPX will override the source specification and construct the source as a " pencil-
beam" in the +z-direction as required by XSEX3. Other MCNPX options may be used to
suppress either nuclear elastic or nonelastic reactions.

1. To create a HISTP file to be edited by XSEX3, include a HISTP card in the INP file.

2. Define a volume parallel beam source in the +z-direction (vec = 0 0 1) which is com-
pletely contained inside a cell with the material for which the cross sections are to be
calculated.

3. Specify the incident particle type and kinetic energy on the SDEF card.
4. Use NOACT=1 (the 8th parameter) on the LCA card.

The user may wish to suppress nuclear elastic scattering in the calculation by using
IELAS=0 on the LCA card. An AWTAB card may need to be supplied if the target isotope
has no mass in XSDIR; the value supplied is not used and is arbitrary.

As an example, the following is a sample MCNPX input for a cross section calculation:
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MCNPX standard cross section generation format for XSEX3 use.

c

¢ 1000 MeV protons on Sn121, an isotope not in MCNPX library,
¢ and for which no atomic weight is specified in XSDIR.
¢ Minimal geometric specification for this purpose.

c

c Cell - only one, spherical, radius arbitrary

c

11-1.0 -1

20 1

c

¢ Surface - one sphere, radius arbitrary

c

1 so 50.0

c

¢ Materials

m1 50121 1 $ not in MCNPX libraries

awtab 50121 119.864 $ need value, but arbitrary
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¢ Source - 0 radius beam, +z-direction, 1 GeV proton

Cc

sdeferg=1000 par=9dir=1pos=000rad=0.0vec=00 1

c
¢ Options - no elastic, Bertini, energy balancing

c

lca 0 6j-1

lea 2j0

c
c History file - "histp" required

Cc

histp

c

c Tallies - none

imp:h 10
phys:h 1000
mode h
print

nps 1000

prdmp 2j -1
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3. Input for XSEX3

The input file for XSEX (default name INXS) has the following structure:

1. Two records of title information, 80 columns each
2. An option control record (list-directed format)
3. Additional records as required by the chosen options (list-directed format).

Multiple cases may be processed; for each case the above input structure applies. When
multiple cases are processed, input quantities default to the preceding case. If the title
records of the second and subsequent cases contain /", the record must begin with a

\$"
The option control record has the structure:

NERG,NANG,FNORM,KPLOT,IMOM,IYIELD,LTEST

Table 9-1.
Parameter Meaning
NERG Defines the number of energy or momentum bins for which

cross sections will be calculated. For NERG \GT 0, an energy

(momentum) boundary record is required. For NERG = 0, only

energy-integrated cross sections will be generated. The
default is 0.

NANG Defines the number of cosine bins for which cross sections

will be calculated. For NANG not equal to 0, a angular bound-
ary record is required. For NANG = 0, only angle-integrated
cross sections will be generated. Positive values of NANG
indicate cosine bin boundaries will be defined; negative val-
ues indicate angle bin boundaries (in degrees!) will be speci-
fied. The default is 0.

FNORM An overall multiplicative normalization factor to be applied

to all cross sections. The default is 1.0. To convert to millibarns,

use FNORM = 1000; o obtain macroscopic cross sections, use
an atom density.

KPLOT A plot control flag; the default is 0. Any nonzero value will
cause the output to be written to a file XSTAL in the format of
an MCNP MCTAL file for subsequent plotting (see below.)
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Table 9-1.
Parameter Meaning
IMOM Chooses energy or momentum to be used in cross section def-

inition.

IMOM = 0, cross sections are tabulated by energy (MeV) and
differential cross sections are calculated per unit energy (per
MeV).

IMOM not equal O, cross sections are tabulated by momentum
(MeV/c) and differential cross sections are estimated per unit
momentum (per MeV/c).

IYIELD not equal to 0 estimates differential yields (or multiplicities) for
nonelastic and elastic reactions rather than cross sections.
The integral over energy and angle for each particle type will
be the multiplicity per nonelastic reaction (or unity for the
elastic scattering of the incident particle if it is included in the
calculation).

LTEST not equal to O suppresses date and timing on the conventional
output file (OUTXS).

the default is 0. LTEST is used to produce output for compari-
son during MCNPX installation and should not be used gen-
erally.

At most two additional records may be required, depending on the values specified for
NERG and NANG.

For NERG > 0, a record defining NERG upper energy bin boundaries, from low to high,
defined as the array ERGB(I),I=1,NERG. The first lower bin boundary is implicitly always
0.0. The definition may be done in four different ways:

1.

The energy boundary array may be fully entered as ERGB(l), I=1,NERG, in increas-
ing order.

If two or more, but less than NERG, elements are given (with the record terminated by
a slash), the array is completed using the spacing between energy boundaries
obtained from the last two entries.

If only one entry is given, it is used as the first upper energy boundary and also as a
constant spacing between all the boundaries.

If only two entries are given with the first negative and the second positive, the second
entry is used as the uppermost energy boundary, ERGB(NERG), and the first entry is
interpreted as the lethargy spacing between bin boundaries.Thus the record “{\bf -
0.1,800./}" will specify ten equal-lethargy bins per decade from 800 MeV down.

For NANG > 0, arecord is required to define the NANG upper cosine bin boundaries. They
should be entered from low to high, with the last upper boundary equal to 1.0; the lower
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limit of the first bin is always -1.0. If a null record is present (only a /"), then the range (-
1,+1) is divided into NANG equal intervals.

For NANG < 0, a record is required to define the \BAR NANG \BAR lower degree bin
boundaries. They should be entered from low to high, with the last lower boundary equal
to 0.0; the upper limit of the first bin is always 180 degrees. If a null record is present (only
a "'/"),then the range (180,0) is divided into \BAR NANG \BAR equal intervals.

4. Executing XSEX3

An input file and a history file are the only required input files. The default file name for the
input is INXS, the default file name for the output is OUTXS, and the default file name for
the history file is HISTP. A value of KPLOT \NE 0 will result in the creation of a MCTAL-
format plot file, with default name XSTAL. These file names may be changed by file
replacement. The most general execute line has the format:

XSEX3 INXS=... OUTXS=... HISTP=... XSTAL=...

5. Plotting Output from XSEX3

The source code for XSEX3 contains a plotting package using the LANL Common
Graphics System; the latter is not generally available outside of Los Alamos National
Laboratory. A new feature has been added for this release whereby a nonzero value for
the input quantity KPLOT will cause the writing of a file XSTAL in the format of an MCNPX
MCTAL file. Plotting of XSTAL is performed by MCNPX, using the execution option
mchpx z

followed by the required instructions

rmctal xstal

nonorm

The latter is essential since the data are normalized in XSEXS.

Each “case” in XSEX3 is expanded in the XSTAL file for each particle type produced. The
tallies are identified by the numbering scheme

100(case number) + (particle type),
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the latter defined in the table below. The last in the sequence corresponds to the elastic
scattering distribution of the incident particle.

When plotting XSEX3 output, the appropriate y-axis labels are “"barns/MeV/steradian",

“barns/MeV" or ““barns/steradian". If the yield" (multiplicity) option was used in XSEX3,
the appropriate y-axis labels are "“particles/MeV/steradian", etc. The energy axis may be
either ““energy (MeV)" or "momentum (MeV/c)" according to the XSEX3 option employed.

Table 9-2.
Type Particle
1 proton
2 neutron
3 pi+
4 pio
5 pi-
6 deuteron
7 triton
8 He-3
9 alpha
10 photon (prompt gamma from residual)
11 K+
12 K (all neutrals)
13 K-
14 antiproton
15 antineutron
16 elastic scattered projectile

An example of a COMOUT file produced when plotting XSTAL is shown on the next page.

rmctal xstala
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nonorm
tally 101 free e loglog xlims 0.1 1000. ytitle "protons/MeV" file
free c linlog xlims -1.0 +1.0 ytitle "protons/steradian” file

tally 102 free e loglog xlims 0.1 1000. ytitle "neutrons/MeV" file
free c linlog xlims -1.0 +1.0 ytitle "neutrons/steradian” file

tally 103 free e loglog xlims 0.1 1000. ytitle "pi+/MeV" file

free c linlog xlims -1.0 +1.0 ytitle "pi+/steradian" file

tally 104 free e loglog xlims 0.1 1000. ytitle "pi0/MeV" file

free c linlog xlims -1.0 +1.0 ytitle "piO/steradian” file

tally 105 free e loglog xlims 0.1 1000. ytitle "pi-/MeV" file

free c linlog xlims -1.0 +1.0 ytitle "pi-/steradian" file

tally 106 free e loglog xlims 0.1 1000. ytitle "deuterons/MeV" file
free c linlog xlims -1.0 +1.0 ytitle "deuterons/steradian” file
tally 107 free e loglog xlims 0.1 1000. ytitle "tritons/MeV" file
free c linlog xlims -1.0 +1.0 ytitle "tritons/steradian" file

tally 108 free e loglog xlims 0.1 1000. ytitle "He-3/MeV" file
free c linlog xlims -1.0 +1.0 ytitle "He-3/steradian" file

tally 109 free e loglog xlims 0.1 1000. ytitle "alphas/MeV" file
free c linlog xlims -1.0 +1.0 ytitle "alphas/steradian” file

tally 110 free e loglog xlims 0.1 100. ytitle "photons/MeV" file
free c linlog xlims -1.0 +1.0 ytitle "photons/steradian” file

end
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