
Report on the 

Workshop on Monte Carlo Simulation 
of Neutron Scattering Instruments 

held November 13-14, 1997, at Argonne National Laboratory 

sponsored by the Spallation Neutron Source Project 

Technical Note ANL/SNS/97-2 

R. IS. Crawford 

January 9,1998 

The submitted manuscript has been creared 
by the University of Chicago as Operator of 
Argonne National Laboratory ("Argonne") 
under Contract No. W-31-109-ENG38 with 
the US. Department of Energy. The US. 
Government retains for itself, and others act- 
ing on its behalf. a paid-up, nonexclusive. 
irrevocable worldwide license in said article 
to reproduce. prepare derivative works, dis- 
tribute copies to the public, and perform pub- 
licly and display publicly, by or on behalf of 
the Government. 



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 use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial prcduct, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
menbtion, or favoring by the United States Government or any agency tbemf. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible 
electronic image products. Images are 
produced from the best available original 
document. 



Acknowledgements 

Technical Note ANL/SNS/97-2 

I would like to thank Merle Faber for his work in setting up the computer systems for the 
software demonstrations and hands-on activities at the workshop. I would also like to thank Ira 
Bresof for his organization of the logistics and his many other contributions that helped the 
workshop run smoothly. Finally, I would especially like to thank Laura Miller who did all the 
hard work, including handling all the travel arrangements and taking care of the myriad of other 
details that contribute so much to a successful workshop. 

Kent Crawford 

Work supported in part by the U. S. Department of Energy, BES, contract No. W-3 I-109-ENG- 
38. 



Monte Carlo Workshop Technical Note ANL/SNS/97-2 

Report on the 
Workshop on Monte Carlo Simulation of Neutron Scattering Instruments 

held November 13- 14, 1997, at Argonne National Laboratory 
sponsored by the Spallation Neutron Source Project 

R. K. Crawford - January 9, 1998 

Abstract: The main purpose of this workshop was to reach a consensus concerning the desired 
features of a general computer program for source-to-detector Monte Carlo simulation of neutron 
scattering instruments. A second goal was to decide on a strategy for achieving this and to begin 
to portion out the tasks involved to avoid duplication of efforts among the various groups. The 
meeting was organized by Kent Crawford (Argonne National Laboratory) and attended by 
representatives of all the major U.S. neutron scattering facilities and several of the European 
neutron scattering facilities. This document is a summary of the discussions that took place 
during the workshop. A copy of the meeting schedule is attached, as well as a list of participants. 

Introduction 
In the past, the design of neutron scattering instrumentation has been primarily based on 

rough analytical calculations. While such methods can give important insights during the 
conceptual phase of designing a new instrument and the experience gained by past efforts should 
not be disregarded, the increasing complexity of the next generation of neutron scattering 
instrumentation makes it difficult to understand all of the compromises inherent in a particular 
instrument design. Monte Carlo methods, long recognized as a powerful technique for modeling 
general radiation transport, are ideally suited to simulating the non-analytic nature of neutron 
scattering transport problems and thus designing modem neutron scattering instrumentation. In 
this context we consider Monte Carlo methods in a general sense as the tracking of particle 
trajectories using a combination of both probability-weighted deterministic outcomes and 
outcomes based on random selection from a probability distribution. The tremendous impact the 
SHADOW code has had on the community of beamline designers at synchrotron facilities is a 
very good indicator of the impact a general flexible Monte Carlo code for instrument design will 
have on the neutron scattering community. Such a comprehensive Monte Carlo code will also 
play an important role in the evaluation of the performance of proposed new instruments, in the 
design of experiments and the interpretation of experimental results on existing instruments, and 
in the training of both the designers and users of neutron scattering instruments. 

The usual situation has been for each laboratory or each individual design team to go its own 
way in developing new Monte Carlo codes for neutron scattering instrument sirnulation. It should 
be much more cost effective for the individual laboratories to work together, each contributing 
from their particular areas of expertise, to create the user interface, simulation engine, and a large 
library of instrument modules which can be used to simulate instruments of great complexity. To 
do this there must be a common format, agreed upon by all of the participants, to ensure that each 
of the modules can interface with the others and with the global components of the code. 
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Workshop Goals 
This workshop was intended to begin a process of collaboratim on instrument simulation 

software to avoid duplication of effort at the various laboratories. The specific goals of this 
workshop were to 
0 attain agreement among the workshop participants to pursue development of a common suite 

of software for Monte Carlo simulation of neutron scattering instruments, 
0 

0 

0 

0 

All of these goals were achieved. 

to provide an initial set of functional and operational specifications for this software, 
to agree on what, if any, of the existing codes are to serve as a basis for this development, 
to agree on a mechanism for managing this development process, and 
to agree on an initial distribution of responsibilities for this process. 

Software Requirements 
The workshop participants listed a number of goals that should be met if possible by any such 

general-purpose instrument simulation software suite. 
0 

0 

0 

0 

0 

0 

It should provide the capability for comprehensive moderator-to-detector instrument 
simulation, as well as simulation of smaller groups of components. 

It should use independent software modules to represent single optical components, and if 
practical, should allow linkage of optical components to form more complex optical 
elements. These software modules should be completely self-defining and self-documenting. 

This sofrware suite should be based on well-defined standards to ensure proper 
communication among the software modules, proper treatment of coordinate systems, a 
standard format for recording of data from detectors, standards for making the modules self- 
defining and self-documenting, and standards for testing new modules. These standards 
should allow for as much generality as possible in defining the optical components. Support 
for the NEXUS data format standard should be included. 

The software suite should eventually include a large library of software modules representing 
many different optical components and scattering samples, including both simplified modules 
for rapid calculation and sophisticated modules for use when higher accuracy is required. 

The basic software suite should include a general graphical user interface and an alternative 
interface to allow component geometry to be input from AutoCAD or other CAD output. It 
should also be possible to incorporate other more specialized user interfaces, such as one that 
mimics the control program for a specific instrument, as the need arises. 
The software should provide capabilities for visualization at intermediate positions in the 
instrument, and should include capabilities for selecting specific neutron trajectories 
according to a user-specified criterion and storing these trajectories in history files for 
subsequent treatment such as backtracking to determine the source of anomalous data. The 
code should also incorporate the possibility of defining a variety of diagnostic tallies, 
including simulated detector output, current through a surface, flux, local neutron balance, 
etc. 
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0 Variance reduction techniques and the use of higher dimensional models such as phase space 
transforms should be applied where appropriate to increase the computational speed and to 
handle low-probability events such as those that contribute to backgrounds. These techniques 
can include, but are not limited to, energy and angular biasing, scoring, importance sampling, 
splitting into probability-weighted trajectories, etc. Source biasing and better algorithms for 
source sampling could also improve performance. The use of deterministic analytical 
methods to speed up parts of the simulation should be considered wherever appropriate. 

The software should incorporate provisions for the calculation of at least some aspects of 
background, which quite often is the limiting factor for instrument performance. Its 
calculation would involve the development of a methodology to identify and model sources 
of background and the ability to generate and transport gamma rays and to transport and 
thermalize fast neutrons. Another aspect of background calculations is the ability to model 
physical processes in optical elements that contribute to ‘noise’ in the instrument, such as 
thermal diffuse scattering in analyzer crystals, chopper jitter, etc. The ability to ‘inject’ 
background from sources piaced in regions within or near various parts of the instrument 
should be provided as another tool for simulating background in a real instrument. 

Existing Software Packages 
Kurt Clausen described a novel use of Monte Carlo software for the new RITA triple-axis 

instrument at Risar. They have developed a very fast approximate simulation representation of 
that instrument, with the simulation interface mimicking the instrument control program. Since 
this is a very complex instrument, it is not always obvious just what instrument configuration is 
best for i! given experiment. This simulation is gsed to get real-time feedback about the 
consequences (resolution, etc.) of using a given configuration for the experiment at hand, so the 
instrument can be set up in the optimum configuration without wasting valuable beam time. This 
has been very successful. 

simulation of neutron scattering instruments at one time or another. However, only the groups 
from Los Alamos and Oak Ridge are seriously working on the development of general-purpose 
modular software for instrument simulation, the type of software that was the subject of this 
workshop. These two groups have soniewhai diffirent ideas about the structure appropriate for 
such software. Phil Seeger and Thierry Thelliez described the structure and operation of the Los 
Alamos software and Lee Robertson described the Oak Ridge approach. Some of the features of 
these two different approaches are summarized here. 

. 

All of the participants in this workshop have been actively engaged in Monte Carlo 

Basic Philosophy and Code Structure for General Purpose Instrument Simulation Software 
The Los Alamos group, and in particular Phil Seeger, has been working to provide 

generalized Monte Carlo instrument simulation software for some time. This work has its origins 
in the MCLIB set of subroutines developed by Mike Johnson at theautherford Appleton 
Laboratory (RAL) in the 1970s. Maintenance of these subroutines was taken over by PhilSeeger, 
and in the early 1990s he rewrote this software to make it much more structured and modular, 
and to introduce a consistent and general description of the instrument geometry [ 11. The format 
adopted for the geometry description is that used by MCNP, a well-known software package for 
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Monte Carlo simulation of low-energy neutron transport used extensively for calculations of 
moderator performance. This subroutine library is still known as MCLIB, and the simulation 
engine that uses these routines to transport neutrons through the modeled instrument is known as 
MC-RUN. 

More recently, this group has been working to develop a graphical user interface to make the 
process of describing the geometry of the different optical elements and their relationship in the 
instrument much more user-friendly [2]. This is a web-based interface currently written in 
SMALLTALK and known as MC-WEB. Much of one afternoon of the workshop was devoted to 
demonstrations of this user interface, and to hands-on attempts by the workshop participants to 
generate instrument simulations using this interface and the MCLIB and MC-RUN software. 
This interface is clearly still in the early stages of development, but it has already matured to the 
point that some of the workshop participants were able to generate the geometry for simple 
instruments in a relatively short time. 

In the Los Alamos model, the user interface generates a geometry file that describes every 
surface in the instrument, and defines the properties of every region bounded by these surfaces. 
The simulation engine handles nearly all of the neutron transport, and comes into play whenever 
the neutron crosses one of the defined surfaces. As currently implemented, the user interface 
software resides on a computer at Los Alamos and is accessed via web browser from the remote 
site. The remote user accesses that software via a web browser and uses it to set up a geometry 
file that defines the instrument in terms of the software modules used for the instrument 
components and the geometry of those components. This geometry file is then downloaded to the 
user’s computer, along with the simulation engine and the associated optical component 
modules. The simulation is then run on the user’s computer. 

and has given serious thought to what they feel would be an appropriate structure for general 
purpose Monte Carlo software to be developed collaboratively [3]. In this model, each optical 
element, such as a monochromator, chopper, sample, detector, etc., would be represented by a 
software module that must conform to certain standards. This module tracks the neutron through 
the optical element, and the simulation engine serves only to pass the neutron from element to 
element. An individual module representing an optical element can take on whatever internal 
structure is desired, and is free to handle the geometrical representation of the optical e 1 ement 
any way that makes sense to the author of the module. The only requirements concern the 
interaction between this module and the external world, i.e., the simulation engine, the user 
interface, modules representing other optical elements, and any visualization or other diagnostic 
software. A set of strict standards must be developed to ensure that all such modules can be 
readily integrated into the common code. 

The Oak Ridge group has recently expanded its efforts in developing Monte Carlo software, 

Similarities in the Two Approaches 

Both approaches envision a similar overall structure for the software, shorn schematically in 
Figure 1. In this structure, a number of specific software modules determine all the interactions at 
the various optical elements the neutron encounters along its trajectory through the instrument. 
These sofhsare modules contain all the physics of these interactions. A global simulation engine 
handles the passing of the neutron from module to module and other global issues, such as the 
bookkeeping associated with the use of split neutrons as a variance reduction technique. A user 
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interface allows the user to configure the modules to represent an instrument, and to input the 
various detailed geometry and materials information specific to this instrument. 

User Interface 
L 1 
t i  I 1  1 
I 1  
I 1  Simulation Engine 
I 1  

I 

t l  t l  t l  

Figure 1. General model of the simulation software. Each of the modules simulates an 
optical component or a region within such a component. 

Both approaches are based on similar mechanisms for passing information. Two arrays are 
passed by reference to the software module representing an optical element (Oak Ridge version) 
or an optical operation performed within a region (Los Alamos version). One array passes the 
parameters of the neutron (or other particle), including full phase space information, mass, spin, 
etc. One or more of these parameters is typically modified by operations within the software 
module. A second array passes the parameters which define the optical element (or region and 
surfaces). These parameters are typically set up by the user interface and are not modified by the 
software module representing the element or region. 

Additional diagnostic parameters, such as tallies of different types of interactions, pointers to 
history files, etc., can also be included as part of the parameter array. The software module may 
modi@ these diagnostic parameters. 

Possible Reconciliation of Differences between the Two Approaches 
In both approaches the parameters are passed directly to the software modules representing 

optical elements or regions. In the Los Alamos approach, the geometry, neutron trajectory, and 
visualization of the elements are handled globally, and the simulation engine and user interface 
are aware of ail of these factors. In the Oak Ridge approach most of the geometry and the neutron 
trajectory is handled in the individual software modules representing optical elements. 

In principle, these two approaches can be made compatible if the standards defining the 
software modules and the simulation engine are designed to allow both global and local or a mix 
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of global and local handling of these tasks, as shown schematically in Figure 2. Neither of these 
software efforts has yet addressed the back-tracking of specific neutron trajectories, but this 
information could likely be handled as a combination of local and global activities. 

Modules 

Geometry 
Trajectory 
Visual 
Trace Trajectory Simulation 

Visual Engine 
LOCAL Trace 

GLOBAL 

Figure 2. General mode1 in which most functions can be handled either IocaIIy in the 
software modules or globally in the simulation engine. 

Proposed Basis Software 
The Los Alamos and Oak Ridge groups are both very active in this area, andare probably the 

furthest along in addressing the issues associated with developing such a common software suite. 
Taking this into consideration and noting the many similarities between the Los Alamos and Oak 
Ridge software approaches, the workshop participants agreed that the Oak Ridge and Los 
Alamos groups should work together to define a structure and draft a set of standards that would 
satisfy their concerns and those expressed by others during this workshop. Both groups agreed to 
do this. To the extent practical, these standards will be chosen to minimize the modifications 
required to the software already developed by these two groups. The group developing the 
standards will consider accommodations made along the lines indicated above to allow for some 
variation in how much of the geometry information and the particle tracking is global and how 
much is local. 

The workshop participants were impressed by the progress that had been made in the user 
interface being developed at Los Alamos. This is clearly headed in the right direction, and is 
expected to continue to develop as one of the user interfaces available as part of this common 
software suite. However, the modular approach with well defined standards that is being adopted 
means that other groups will be free to develop other user interfaces (and other simulation 
engines as well, if the need arises) and still use all the software modules representing the physics 
of the various optical elements. It is hoped that there will not be a great proliferation of user 
interfaces, but one can imagine that the need for one or more specialized user interfaces may 
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arise. One example might be an interface that mimics a specific set of instrument controls similar 
to the application at Riser described by Kurt Clausen. 

Developing Standards for the Software Modules 

importance is the development of standards governing the structure of the software modules 
representing individual optical elements and the interaction of these modules with the user 
interface, simulation engine, and other global software applications. These standards should 
include the application of as many object-oriented concepts as practical, and should take into 
account the software requirements noted above. 

Standards need to be developed for a number of aspects of this software suite. Of primary 

Specific features requiring standards include 

naming conventions to avoid duplication of module names, 
definition of the boundaries of the optical elements, 
treatment of coordinate systems and rotation angles to allow arbitrary orientation in space of 
optical elements, 
mechanisms for passing of parameters, 
set of parameters used to describe the neutron, 
set of parameters for the module geometry, internal operation of the module, and reporting of 
activities within the module, 
mechanism for back-tracking of neutrons, 
documentation of the physics and algorithms used in the module, 
making each module self-defining to the user interface or other global software, 
history of the benchmarking of the module, 
use of a common materials data base, 
tracking of multiple neutrons (using a linked list or other appropriate mechanism), along with 
other variance-reduction techniques to make the code efficient, 
languages and platforms to be supported, 
procedures for testing modules. 

Suggestions for the Standards 
Back-tracking Neutrons 

An important feature is the ability to trace a neutron back through the instrument. The 
following algorithm was suggested: After a neutron leaves the moderator, temporarily store its 
history as it propagates down the instrument. When the neutron history is over see if the history 
satisfies a user-defined criterion. If so, save the accumulated history information in a file; if not, 
discard the information. 
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Making the Modules Self-defining 
A possible method was suggested for making the component software modules self-defining 

[3]. In this method a Module Description File would accompany each of the subroutines used to 
simulate optical components. This Module Description File would be in a standard format (to be 
defined) that could be used by a user interface or the simulation engine, or just for informational 
purposes by the programmer developing the instrument simulation. It should contain information 
giving the name, type, and version number of the module, a documentation block where a 
detailed description including the physics assumptions and the algorithms used can be given for 
the user, and a list of parameters required for the module with default values. In addition, internal 
variables may be specified which are tracked by the module, but not necessary for the transport 
calculation. 

Languages and Platforms 

version in FORTRAN 90 also exists. The Oak Ridge group expressed a preference for writing in 
C, but a willingness to write their modules in FORTRAN 77 with no extensions in order to 
achieve compatibility and cross-platform portability. The use of JAVA was also suggested to 
provide cross-platform compatibility. The majority of the group felt that JAVA was not yet 
sufficiently mature to be adopted for the Monte Carlo codes at this time, but that its use for the 
user interface might now be appropriate. The workshop Participants suggested that the logical 
structure of the software and the module-interface standards should be independent of the 
particular implementation to the extent possible, but that some standards should be developed 
specifying the languages and platforms that would be supported. 

Carlo codes that have been written at other institutions, is clearly not entirely platform 
independent. It is also clear that the group would like to see the software evolve toward a 
platform-independent form to achieve maximum portability and minimum maintenance 
requirements, and the standards developed should lend themselves to this evolution. 

The MCLIB software modules are written in FORTRAN 77 using some DEC extensions. A 

The software so far available, such as MCLIB, MC - RUN, MC-WEB, and the various Monte 

Materials 

The description of materials via a (complex) scattering length and total scattering cross- 
section plus l/v absorption cross-section is insufficient for many important materials. Rather than 
defining these materials as new types, it would be more general to introduce a very general 
material type describable by a cross-section file or suitable subroutine including all the details of 
all scattering phenomena for the material. The general format of such a file or subroutine would 
have to be determined as part of the standards. 

Management of Collaborative Software Development 
The workshop participants agreed to set up an international Advisory Committee to assis 

with management issues. The committee will initially include representatives from the U.S. and 
Europe, but will be expanded to include representatives from other areas as appropriate. An 
effort will be made to maintain a balanced representation of both pulsed and steady-state 
facilities. Initial members of this committee are 
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Issues that must be considered by this committee include 
0 Development of standards 
0 

0 

0 

0 

Approval and distribution of standards 
Centralized mailing list and mechanism for user feedback 
Development of the global components of the software suite 
Centralized mechanism for distribution of code 

0 

0 

0 Funding for these activities 

Centralized record of benchmarking history 
Release of “beta” versions of the code for testing 
Certification of code for general release 

The first three of these items must be in place before this collaboration can really begin in 
earnest. 
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Broader Participation 

The neutron scattering e-mail list at Argonne National Laboratory will be used to publicize the 
effort and encourage the community to provide feedback regarding its needs as far as the Monte 
CarIo tool is concerned. ‘Neutron News’ is another vehicle to disseminate such information, and 
presentations at conferences and workshops should be pursued more aggressively. The workshop 
participants agreed to take the lead by contacting potentially interested scientists at other 
institutions. 

with rapid access, it was agreed that one or more mirror sites would be set up. Mark Hagen 
agreed to take the lead in setting up a mirror site at RAL. 

It was emphasized that input from the neutron scattering community must be actively sought. 

In order to make the user interface being developed at Los Alamos more widely available 

Summary 
Accomplishments 

This workshop resulted in agreement among the participants to pursue development of a 
common suite of software for Monte Carlo simulation of neutron scattering instruments. 

A preliminary set of bc t iona l  and operational requirements for this software has been 
produced. 

The group agreed to develop a set of standards for the code modules that would 
accommodate these requirements and the alternative code structures proposed by the Los 
Alamos and Oak Ridge groups. These standards will serve for as the basis for collaborative 
development of this code suite. 

The group agreed that the user interface software being developed at Los Alamos was very 
useful, and strongly supported continuing the development of this software. 

An International Advisory Committee was formed to provide community input into the 
management of this development process. 

A set of action items was developed, indicating an initial distribution of responsibilities for 
this development process. 

Action Items 
0 Lee Robertson and Luke Daemen will arrange for the Oak Ridge and Los Alamos groups to 

meet to draft a preliminary set of standards for this software. These standards will be 
circulated to the community for comment before final approval. 

Los Alamos will continue development of the user interface. The International Advisory 
Committee will search for supplemental funding for this process. 

Mark Hagen will arrange to have a mirror site for this software set up at theRutherford 
Appleton Laboratory. 
All workshop participants will circulate information about this collaborative project within 
their home institutions and to colleagues at other institutions. 

0 

0 
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0 Kurt Clausen and Ian Anderson agreed to make sure that this information is made available at 
the European Neutron Scattering Society meeting in December. 

The International Advisory Committee will work out arrangements for a centralized mailing 
list for this project and a mechanism for user feedback 

Kent Crawford will arrange to have information about this collaborative project and about the 
centralized mailing list distributed on the neutron scattering e-mail service maintained at 
Argonne. 
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Discussion of software structure 
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Other issues 
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