
SIMRES v. 6.3
a simulation tool for development of neutron scattering 

instruments at reactor and spallation sources

J. Ġaroun
Nuclear Physics Institute of the ASCR, v.v.i., Hlavn²100, 25068 řeģ, Czech Republic

ESS design update program, Czech Republic

Example 1: Engineering diffractometer for ESS

Theneutron ray-tracingsimulationprogramSIMREShasbeen
developed since 1990th from a simulator of resolution
functions for three-axis spectrometers (RESTRAX)to the
present general purpose software for modelling and
optimization of neutron scattering instruments. It is an
alternativeandin part complementaryto the other simulation
programs like McStas, VITESSor NISP. The new version 6.3
reflectsrecentdevelopmentcloselyrelatedto
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optimization of neutron scatteringinstruments. It is an alternative and in
part complementaryto the other simulationprogramslike McStas, VITESS
or NISP. Thenew version6.3 reflectsrecentdevelopmentcloselyrelated to
the conceptual design of new instruments at the EuropeanSpallation
Source(ESS). In particular, SIMRESbecamethe basictool for designand
optimizationof the engineeringdiffractometer.

Comparison with McStas

Highspeeddue to samplingoptimization
�‡ backwardtracing- speedis independentof samplesize
�‡ matrixmodelfor initial samplingvolume
�‡ automaticvariancereductionduringsimulation

Tools for instrument optimization
�‡ particle swarm algorithm (PSA)
�‡ 1D and 2D scan commands
�‡ any component/instrument parameter can 

be included in the set of free parameters
Progress of 3 independent PSA runs when optimizing the 
neutron guide profile for the diffractometer BEER

Scripting
�‡ script editor & recorder (writes scripts while using GUI)
�‡ programming of large sets of simulations
�‡ runs simulations in GUI or as a console command

Program features

The repository of available components allows for setting up most of the common 
instrument configurations  (no polarized neutrons)

SGUIDE �t free shape neutron guide
�‡ free definition of segment sequences
�‡ 1 to 4 sides can be active
�‡ smooth or segmented profile
�‡ individual setting for each segment:

length, m-value on each side, width & height
�‡ curvature & tapering: manual (table) of automatic 

adjustment (parabolic or elliptic)

DCHOPPER �t disc chopper
�‡ multiple windows (modulation choppers)
�‡ free definition of windows widths and positions
�‡ optional automatic synchronization with a pulsed source

CRYSTAL, XTAL �t crystal monochromators& analyzers
�‡ mosaic or bent single crystals
�‡ 3D arrays (2D focusing + stacking of wafers)
�‡ optional automatic focusing to given distances
�‡ secondary extinction by MC simulation
�‡ combined mosaicity & bending (CRYSTAL)
�‡ Renningereffect in bent crystals (XTAL)

GUIDE �t multichannel collimators, guides and benders
�‡ transparent or absorbing substrates
�‡ bending or tapering, both vertical and horizontal
�‡ optional oscillation and/or one-side coating 
�‡ optional automatic closing of direct line of sight

DETECTOR, MONITOR
�‡ �(�o���š�U�����Ç�o�]�v���Œ�]�����o�U���š�µ���������Œ�Œ���Ç�•�U���Y
�‡ masking of a user-defined phase-space intervals (MONITOR)
�‡ conversion of detection time & position to physical quantities 

such as wavelength, scattering angle or d-spacing of a 
powder line
=> allows for event-based data analysis

SOURCE
�‡ reactor and spallation sources, both 

short & long pulse
�‡ spatial and angular flux distribution
�‡ analytical models & lookup tables

Components

SIMRES has been validated by 
comparisons with experiments and, 
more often, by benchmarking with 
McStas, as in this example for the 
engineering diffractometer at ESS.

Comparison of beam characteristics at the sample position by McStasand SIMRES.

Beamline for European Engineering Research (BEER) is a materials engineering diffractometer for ESS 
proposed by the following instrument project teams: 

A. Schreyer1, R. Kampmann1, J. Fenske1, G. Nowak1, M. Rouijaa1, P. Staron1, H.-G. Brokmeier1,4, M. �D�º�o�o���Œ1

1Helmholtz-Zentrum Geesthacht;   4Technical University of Clausthal, Germany 

P. �>�µ�l���“2�U���:�X���a���Œ�}�µ�v2, J. Pilch2,3�U���W�X���a�]�š�š�v���Œ3, P. Strunz2, P. Beran2, V. Ryukhtin2, L. �<�������Ž���À���l2,3

2Nuclear Physics Institute, �\���Î;   3Institute of Physics, Prague, Czech Republic 

M. Strobl, European Spallation Source 

SIMRES has been used as the main simulation tool for conceptual design of instrument, including optimization 
of the guide and chopper systems, simulation of neutron beam characteristics, as well as carrying out virtual 
experiments with polycrystalline samples in various operation modes. 

Instrument layout

Horizontal guide profile with gaps for choppers

Optimization of the vertical guide profilehas been 
optimized by PSA for maximum brilliance transfer, while 
minimizing the guide height and hence coating cost. 

Optimized brilliance transfer (left) and length of the tapered section 
(right) as a function of the middle guide height.

Virtual experiment for CoReCr-L2 alloy, medium resolution mode.Phase-space 
coordinates of detected neutrons are stored for later data visualization and 
processing. 

Detected neutrons can be sorted in 2D and 1D 
histograms, including the time-angle diagram (left) 
and d-spacing plot (right).  The latter is directly 
suitable for data analysis with a standard 
crystallographic software such as FullProf(right).

Example 2: Spurious strains, surface effect
SIMRES allows to map true gauge volumes. It has been used to evaluate spurious peak shifts when measuring 
residual strains at the sample surface. The simulated peak shifts are used to correct experimental data and also 
to optimize instrument parameters (e.g. monochromator curvature) so that the effect is minimized.

Measured (STRESS-SPEC, FRMII, Munich) and simulated variation of peak 
intensity and position as a function of sampling depth (stress-free Fe etalon)

Simulated gauge volume near the 
surface, Fe 211, transmission geometry
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