Version: August 19, 1999 McStas 1.1: A tool for building neutron Monte Carlo simulations

K. Lefmann^a, K. Nielsen^a, A. Tennant^b, Bella Lake^c aCondensed Matter Physics and Chemistry Department, Risø National Laboratory, DK-4000 Roskilde, Denmark bRutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, OX11 0QX, UK cOak Ridge National Laboratory, Tennessee 37831, USA

Abstract

McStas is a project to develop general tools for the creation of simulations of neutron scattering experiments. In this paper, we briefly introduce McStas and describe a particular application of the program: the Monte Carlo calculation of the resolution function of a standard triple axis neutron scattering instrument. The method compares well with the analytical calculations of Popovici.

Keywords: Monte Carlo simulations, Neutron instruments, Resolution function Corresponding author: Kim Lefmann, Condensed Matter Physics and Chemistry Department, Risø National Laboratory, Frederiksborgvej 399, 4000 Roskilde, Denmark. Fax: +45 4677 4790. E-mail: kim.lefmann@risoe.dk.

With the very high complexity and price of current neutron scattering instrumentation, the knowledge gained by accurate numerical simulation has become essential, both for choosing the right design when building new instruments and for using them in an efficient way. The Risø package McStas is a software tool constructed to enable scientists to create and run such simulations with a minimum of effort [1,2]. McStas has its own high-level metalanguage, which is designed especially for positioning components within an instrument, and a compiler from the McStas language to ANSI C. McStas is equipped with a number of front-ends to control the simulations (e.g. for scanning), for displaying the simulation results, and for visualizing the neutron paths (e.g. for debugging).

McStas version 1.0 was released in October 1998, with an update (version 1.1) in March 1999. The McStas project is open to the neutron community; the source code and component library may be freely downloaded, and users may contribute new code back to the project. Updates are made available on the project home page [1]. The current component library includes continuous and pulsed sources, supermirror guides and benders, slits, Soller collimators, and filters, monochromator/analyzer crystals with off-cut surface and anisotropic mosaic, powder and vanadium samples, disk and Fermi choppers, velocity selectors, and a wide variety of detectors. It is also simple for users to add their own components. McStas is currently in use at Risø, Kjeller, München, ILL, ISIS, PSI, Argonne, NIST, Ansto, and JAERI.

In this paper, we demonstrate the calculation of the resolution function of an instrument using McStas. The intensity, I, observed in a general neutron experiment may be written as [3]

I(Q_0, ω_0) = ∫ R(Q_0 + ΔQ, ω_0 + Δω)σ(Q_0 + ΔQ, ω_0 + Δω)d(ΔQ)d(Δω), (1) where σ is the scattering cross section. R is the resolution function, which is given by R(Q, ω) = ∫ path

P (Q, ω, path), (2) where P (Q, ω, path) is the transmission probability for a neutron along the given path and the integral is over all possible paths with the given energy and momentum transfer.

In the standard analytical treatment of a triple-axis instrument by Cooper and Nathans, the analyzer and monochromator crystals are both assumed to have Gaussian mosaic rocking curves, and the collimators to have Gaussian transmissions. This leads to the well known Gaussian resolution ellipsoid [3]. In McStas we calculate for each initial neutron state the neutron weight, p, in the detector, the expected value of which is proportional to the transmission probability. This allows us to perform a Monte Carlo integral of Eq. (2) simultaneous for the relevant intervals of Q and ω. We utilize a sample component where σ(Q, ω) is constant and a detector component which directly measures (Q, ω, p) for each neutron. This method is similar to the one used in the current version of RESTRAX [4], a Monte Carlo program specific to triple-axis spectrometers.

The resolution front-end allows analysis and visualization of the results in various ways. As an example, we have simulated the standard triple-axis spectrometer TAS1 at Risø at a nominal incoming energy of 5 meV, (Q, ω) = (1.0 Å^{−1}, 1.0 meV). Figure 1 shows histograms of the resolution function along the four axes (Q_x along the scattering vector, Q_y perpendicular in the horizontal scattering plane, Q_z vertically, and ω energy transfer). Also available are two and three dimensional visualizations of the resolution ellipsoid, and computations of the resolution matrix and Bragg widths. The resulting Bragg widths agree to within 10% with a standard calculation used on the Popovici extension of the Cooper- Nathans formalism [5].

By using the presented Monte Carlo method, it is possible to calculate the resolution function of any instrument — not just the Gaussian triple-axis of Cooper and Nathans. This makes the method invaluable for developing and using advanced neutron spectrometers, like RITA at Risø [6].

The authors wish to thank Dr. Kurt N. Clausen for his encouragement and support. This project was partially funded by a grant from the European Union under the RTD program.

REFERENCES

[1] The McStas World-Wide-Web page: http://neutron.risoe.dk/mcstas/ [2] K. Lefmann and K. Nielsen, Neutron News 10/3, 20 (1999) [3] M.J. Cooper and R. Nathans, Acta Cryst. 23, 357 (1967) [4] J. Saroun and J. Kulda, User’s manual of RESTRAX, ILL report 96SA08T, (1996) [5] M. Popovici, Acta Cryst. A31, 507 (1975) [6] T.E. Mason et al., Can. J. Phys. 73, 697 (1995); K.N. Clausen et al., Physica B 241–243, 50 (1998)

FIGURES FIG. 1. Histograms of the resolution function at TAS1 along the four axes Q_x, Q_y, Q_z, and ω.

The incident energy is 5.0 meV and all collimations are 60’.

6