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Methods for Neutron Scattering Instrument Design 
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The future of neutron and x-ray scattering instrument development and international cooperation 
was the focus of the workshop on “Methods for Neutron Scattering Instrument Design” 
September 23-25 at the E.O. Lawrence Berkeley National Laboratory. These proceedings are a 
collection of a portion of the invited and contributed presentations. 
The international gathering of about 50 participants representing 15 national facilities, universities 
and corporations featured oral presentations, posters, discussions and demonstrations. 
Participants looked at a number of issues concerning neutron scattering instruments and the tools 
used in instrument design. Objectives included: (1) determining the needs of the neutron scattering 
community in instrument design computer code and information sharing to aid future instrument 
development, (2) providing for a means of training scientists in neutron scattering and neutron 
instrument techniques, and (3) facilitating the involvement of other scientists in determining the 
characteristics of new instruments that meet future scientific objectives, and (4) fostering 
international cooperation in meeting these needs. The scope of the meeting included: (1) a review 
of x-ray scatteinrg intrument design tools, (2) the a look at the present staus of neutron scattering 
instrument design tools and models of neutron optical elelments, and (3) discussions of the present 
and future needs of the neutron scattering community. 
Why are these objectives are important? As Larry Passel1 (BNL) pointed out in a review of the 
history of neutron scattering through 1960, early neutron scientists had the luxury of 
experimenting with the instruments to arrive at a design that worked. The importance of 
prototyping was reiterated by Kent Crawford (IPNS) in his review of the concepts of instrument 
design and optimization for pulsed sources. However, because of the complexity of modern 
instruments, it is difficult to do this with built instruments. Analysis and simulation becomes a 
must. 
The general theme of instrument design set by Crawford’s talk and reiterated many times in 
subsequent presentation was a “stepwise” approach involving careful consideration of the 
objectives for the instrument followed by back of the envelope calculations. To produce optimal 
instrument configurations, analytical calculations give a first cut for the instrument geometry, 
followed by detailed analysis and simulations using methods that are most appropriate for the 
detailed problems at hand to incorporate more subtle features such as non-Gaussian pulse shapes. 
An important advantage of analysis and simulation techniques is that they allow inexperienced 
instrument designers to “prototype” cheaply and obtain a feeling for the importance of various 
instrument parameters. 
Several discussions covered general principles of analytical and computational tools for the 
analysis of neutron scattering instruments. These included matrix methods (Rob Robinson, 
MLNSC), coherence volume analysis (Roland Gaeller, TU Miinchen), and Monte Carlo methods 
(Phil Seeger, MLNSC). Matrix methods provide a means for determining instrument resolution 
and estimates of the total intensity from the resolution volume. There are codes based on these 
methods for double and triple axis spectrometers, reviewed by Mihai Popovici (MURR). 
Coherence volume analysis demonstrated that one can think about neutron scattering either in terms 
of traditional resolution calculations (Frauenhoffer diffraction) or in terms of beam coherence 
(Fresnel diffraction) and get the same answer. The detailed wave analysis brings to light some 
interesting new possibilities for instrument design. Monte Carlo methods allow for detailed 
predictions of instrument performance that are not available from other methods. 
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Presentations on the details of recent instrument designs and on moderator performance covered 
these and other methods of neutron instrument design. John Copley led us through the 
development of a cold neutron chopper spectrometer at NIST, which, like IN5 at the ILL, has four 
disc choppers. Unlike IN5, however, the NIST instrument uses three counter-rotating choppers to 
improve resolution. The bandwidth-defining choppers have different size slots cut in the wheels. 
John used acceptance diagrams, ray tracing, phase space arguments, Monte Carlo and ray tracing 
methods to determine chopper configurations, chopper slot numbers and sizes and the effects of 
guide geometry. 
The combination of analytical calculations and simulation methods have lead to innovative designs 
for neutron spin echo (NSE) instruments at the ILL and the NIST. Cannel Hayes (ILL) described 
the implementation of a torroid mirror for the high intensity small-angle spin echo instrument, 
IN15. The copper mirrors provide signal to background in the to 10- range for wavelengths 
between 17 and 25 A, and provide intensity gains of up to 30, allowing the instrument minimum Q 
to be about 0.001 A-1 with a short instrument. Ray tracing calculations by John Copley were used 
in the development of the mirrors. Claude %yen (ILL) described work on magnetic field shaping 
needed to realize a high resolution triple axis spectrometer NSE, IN20. In these designs, analysis 
showed what was best to do, whereas simulations allowed optimization of a complex design. 
Nick Rosov described work on polarization analysis using a two-dimensional detector for the 
NIST NSE. The key to this technique is the use of small mirrors on the detector that have to be 
positioned so that any scattered neutron must be reflected by a mirror surface before entering the 
detector active volume. 
Some interesting new instrument developments were presented in the discussions. Tom Rieker 
(U. New Mexico) explored the possibilities of using Soller slits as collimators and analyzers for a 
time-of-flight ultra small-angle neutron scattering instrument. Holgar Tieze-Jaensch (ISIS) 
described the performance and new ideas of improvement of the rotating-analyzer spectrometer. 
Experimental results showing a more efficient means of neutron beam polarization using a 
polarizing beam splitter were presented by M. Takeda and his colleagues (Tohoku University). 
Addressing a critical needed for the measurement of neutron scattering Bart Czirr (Photogenics, 
Inc) discussed the performance of '% solid state neutron detectors. 
Torben Brun (MLNSC) illustrated the uses of MCNP in understanding the output of neutron 
moderators. Water moderation simulations by MCNP are in excellent agreement with 
measurement. The situation with liquid hydrogen is different, where there are discrepancies 
between measurement and calculation at low energy, probably due to a lack of understanding the 
para-orthohydrogen mix. 
The interrelated questions of matching instrument configurations with the measurement, and how 
we measure instrument performance was discussed in three presentations. Mike Johnson (ISIS) 
considered how one defines a figure of merit that is consistent with Shannon information theory, 
taking into account count rate, measurement time, Q and E resolution of the various data channels, 
the number of data channels and the background. Devinder Sivia (ISIS), using Baysian analysis, 
dealt with the general question of experimental design and the quality of information that can be 
extracted from the data in the presence of noise and background and the Q and E resolution of each 
data channels. Sivia pointed out that the quality of a measurement, hence the figure of merit is 
inexorably coupled to what we want to learn. Bill David (ISIS), continued with this point, 
showing through a model approach to least squares fitting of crystallographic data, that the data 
quality really concerns how much we can learn from a measurement. These analyses highlighted 
the need for flexibility in instrument configuration, as well as the need to devise methods for 
planning measurements to match the capabilities of the instrument with the question being asked, in 
order to maximize what is learned. 
The development of a tool for neutron instrument design clearly is a difficult task requiring 
cooperation within the neutron scattering community. Such an effort has been made before in 
the area of modern x-ray synchrotron instruments, which are also complicated and expensive, 
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and where there was also a need for confidence that the instrument is optimized before 
construction. Unlike what tends to be the case for neutron instrumentation, the design and 
fabrication of synchrotron instruments is usually in the hands of groups external to the facility. 
A generalized ray tracing program optimized for synchrotron x-ray optics, SHADOW, has 
been developed to allow users to model instrument optics. This program was reviewed by 
Mumit Khan of the University of Wisconsin and is used at 120 sites in 20 countries. It is 
widely used for synchrotron radiation work, x-ray lithography and even astronomy. The 
program allows the user to select from different x-ray sources and optical devices to construct 
an optical system. Output gives information on image quality size and shape, resolution phase, 
divergence and so-on. The code has been validated by experiment. 
The availability of SHADOW has had a major impact on the design of x-ray instrument optics. 
Gene Ice of Oak Ridge pointed out that SHADOW provides a simple way to experiment with 
ideas and concepts, which can then be verified in the laboratory. The success of the predictions 
leads to confidence in the code, fostering further applications and code development. The 
results lead to rules of thumb that are used as a starting point for more sophisticated designs. 
Clearly, a generalized modeling tool like SHADOW would benefit the neutron scattering 
community. What should the features of such a tool be? In his summary of the needs of the 
community, Crawford made the case that there should be improved Monte Carlo simulation codes, 
which should include tools for easily defining instrument geometry, using three-dimensional 
visualization of instruments including solid geometry visualization using CAD tools. The code 
should be a library of modules, each corresponding to an instrument’s elements. There is a need 
for faster, more efficient codes. Crawford pointed out that the implementation details could best be 
serviced by seeking the services of professional software engineers. Finally, there is the need to 
benchmark the codes-a necessity if the results from simulating complex instruments are to be 
trusted. 
Mike Lampton of Stellar Software stated that most of the effort in developing a commercial product 
goes into the development of a user interface, owing to the importance of the interface for the 
program to be an effective tool. The power of being able to visualize an instrument, see the rays 
that are passed through the instrument, and visualize the results of the simulation were very well 
illustrated in Mike’s demonstration of the optical ray tracing design and analysis package, “Beam 
Four”. Franz Trowe supported the importance of visualization in simulations. Using Geomview, 
a package of three dimensional display tools from the University of Wisconsin, Trowe showed 
how the display of the complex geometry of an instrument facilitates its design. These sorts of 
tools can be used as an aid in teaching the fundamentals of neutron scattering instrument design. 
The Los Alamos instrument simulations package presented by Phil Seeger, has many of the desired 
features in that it allows the assembly of optical elements, such as sources, collimators, choppers, 
detectors and various scattering kernels for samples. A graphics based user interface is under 
development that will allow the user to set up the instrument, define elements parameters, sources 
and samples, visualize the resulting instrument set up, and run the program. A more complete tool 
kit would mix methods for modeling the neutron optics, plus provide for neutron transport codes 
for calculating backgrounds. 
However, the neutron scattering community needs more than simulation tools. Summing up his 
recommendations, Roger Pynn (LANSCE) stressed the need to share tested tools that can be 
trusted, share information, pay attention to careful thinking about instrument designs, preserve and 
increase our knowledge base. Craw ford’s recommendations were for a complete bibliography of 
neutron instrumentation papers, as well as for beamlines for testing optical components and for 
instrument prototyping. Werner Wagner (PSI) pointed out that another challenge is to develop 
detailed simulation techniques based on Monte Carlo and analytical methods, in order to test novel 
ideas and produce good designs. As an example, Wagner and his co-authors, describe the design 
of Fourier Chopper Time-of-Flight Diffractometer for strain measurements. Feri Mezei gave some 
examples from HMI where thinking about and optimizing instruments paid off. HEAT and FLEX 
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demonstrated substantial gains in efficiency over the ILL counterparts, the result of a number of 
small gains. Other issues that need to be explored, in Feri’s view, are optimal and novel uses of 
guides and optimization of sources. In the paper included the proceedings Mezei stressed the need 
in the design for accelerator-based facilities for a departure from past practice. He point out the 
need for total optimization of facilities from the accelerator through to the instrument suite. Doing 
this clearly requires new design tools. 
How can the neutron scattering community address some of these needs? Mike Johnson 
suggested that a repository of neutron instrument designs and concepts be set up as a web site. 
Ideas about instrument design, computer codes, design concepts results all should be included. We 
also need to set up standards for the development of code that can be placed in a common package 
and foster cooperation in the development of new codes. 
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