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McStas?

Monte Carlo Simulations of Triple Axis Spectrometers

Started at Risø, Denmark in 1998
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McStas

Portable code (Unix/Linux/Mac/Windows)

Ran on everything from iPhone to 1000+ node cluster!

Open Source under GPL!

Permanent staff maintaining the code @ DTU & ILL.

Domain-specific-language (DSL) based on compiler 
technology (LeX+Yacc)
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Where?

World map
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GitHub
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Website
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Use cases

(DTU, KU schools & workshops)

Instrumentation
Virtual experiments
Data analysis
Teaching
eLearning-platforms
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McStas Introduction

'Component' files (~150) inserted from library
Sources
Optics
Samples
Monitors
If needed, write your own comps

DSL + ISO-C code gen.
Library of common functions (Kernel) for e.g

I/O
Random numbers
Physical constants
Propagation
Precession in fields
...

Instrument file (average
 user, point/click, DSL) 

Component  
(advanced user, 

modify from existing,  

c-code) 
Kernel 

(McStas 
team)
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Workforce
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Release 2.4

Work  starts on polarization

Work  starts on McXtrace
Release 1.0
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X-ray sister
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McStas Procedure

1.Describe your instrument in the McStas 
language (In a text file).

2.Automatically convert beamline into ANSI c

3.Compile

4.Run

1.Optimized for your platform
2.Only includes what you use
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Instrument file

Written by you!
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Component file

Written by 
advanced 
users/developers
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Components

Write a new component or update an existing one – It’s 
really not that big a task.

Guide_four_side_10_shells.comp

Isotropic_Sqw.comp

Single_crystal.comp

Guide_four_side_2_shells.comp

Pol_simpleBfield.comp
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Generated c-code

Written by McStas!
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Monte Carlo Technique

• During WW2, “numerical experiments” were applied at Los 
Alamos for solving mathematical complications of computing 
fission, criticality, neutronics, hydrodynamics, thermonuclear 
detonation etc.

• Notable fathers: John v. Neumann, Stanislav Ulam, Nicholas 
Metropolis

• Named “Monte Carlo” after Ulam’s fathers frequent visits to the 
Monte Carlo casino in Las Vegas

• Initially “implemented” by letting large numbers of women use 
tabularized random numbers and hand calculators for individual 
particle calculations

• Later, analogue and digital computing devices were used
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Early Monte Carlo

FERMIAC ENIAC
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Monte Carlo III

• Los Alamos has since then developed and perfected many 
different monte carlo codes leading to what is today known as 
the codes MCNP5 and MCNPX

• State of the art is MCNPX (or soon the merged MCNP6 code) 
that features numerous particles

• MCNP was originally Monte Carlo Neutron Photon, later N-
Particle

• Mainly used for high-energy particle descriptions in weapons, 
power reactors and routinely used for estimating dose rates and 
needed shielding

• Other similar types of codes are FLUKA, PHITS, and to some 
extent Geant4 

• In general, these codes do not handle coherent scattering of 
neutrons due to the focus on high energies
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Ray tracing

• When neutrons move in “free space”, we use ray-tracing - but in most 
cases in direction source -> detector

• Parabolas rather than straight lines are uses to implement gravity
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McStas ray tracing

• Important efficiency mechanisms:
• “Focusing” - e.g. source to beamport only (4π vs. limited solid 

angle only)
• Rather vs. single particle description, absorption handled though 

statistics and downscaling the ray weight
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McStas variance reduction/focusing

Source radius

Source focus_xw x focus_yh @ dist m
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McStas ray tracing

n

n
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McStas ray tracing

Local, internal coordinate system!Local, internal coordinate system!

Components: Here the neutron 
physics happen, neutron weight 
adjusted according to scattering 
probabilities etc.

Components: Here the neutron 
physics happen, neutron weight 
adjusted according to scattering 
probabilities etc.

n
n

Neutron ray/package:

Weight: (p) # neutrons left in the package
Position: (x, y, z)
Velocity: (vx, vy, vz)
Polarization: (px, py, pz)
Time: (t)

Neutron ray/package:

Weight: (p) # neutrons left in the package
Position: (x, y, z)
Velocity: (vx, vy, vz)
Polarization: (px, py, pz)
Time: (t)

Instrument: positioning + 
transformation between component 
coordinate systems, e.g. neutron 
source, crystal, detector

Instrument: positioning + 
transformation between component 
coordinate systems, e.g. neutron 
source, crystal, detector
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Component order

Order does matter:

1. Source

1. Source

2. Emon

2. Emon

3. PSD

3. PSD

Starting at the source
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Component order

Order does matter:

Moving to first comp in the list

1. Source 2. Emon3. PSD

1. Source 2. Emon 3. PSD
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Component order

Order does matter:

Moving to 3rd comp in list requires “moving back in time”.
Default behavior is to ABSORB this type of neutron.
For monitors use restore_neutron=1 in this case.
For homegrown comps use ALLOW_BACKPROP macro.

1. Source 2. Emon3. PSD

1. Source 2. Emon 3. PSD
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Union

M. Bertelsen, Copenhagen University
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Union
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Mcstas “particle” model

Neutron ray/package:

Weight: (p) # neutrons left in the package
Position: (x, y, z)
Velocity: (vx, vy, vz)
Polarization: (px, py, pz)
Time: (t)

Neutron ray/package:

Weight: (p) # neutrons left in the package
Position: (x, y, z)
Velocity: (vx, vy, vz)
Polarization: (px, py, pz)
Time: (t)

Neutron ray/package:

Weight: (p) # neutrons left in the package
Position: (x, y, z)
Velocity: (vx, vy, vz)
Polarization: (px, py, pz)
Time: (t)

Neutron ray/package:

Weight: (p) # neutrons left in the package
Position: (x, y, z)
Velocity: (vx, vy, vz)
Polarization: (sx, sy, sz)
Time: (t)

Neutron ray/package:

Weight: (p) # neutrons left in the package
Position: (x, y, z)
Velocity: (vx, vy, vz)
Polarization: (sx, sy, sz)
Time: (t)

n

Pn=
1
p∑i

p

P i , n=raynumber

Pn

P= 1
N ∑

n=0

N

Pn

P

P i=2(⟨ ŝx ,i⟩ î x ,i+⟨ ŝ y , i⟩ î y ,i+⟨ ŝz , i ⟩ î z , i)

From G. Williams: “Polarized neutrons”, Oxford Science Publ., 1988
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McStas detectors/monitors

Monitoring: How and What do we monitor?

P P
ĥ
=
∑
n=0

N

pnP n⋅ĥ

∑
n

N

pn

ĥ

nnnnnn
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McStas detectors/monitors

Monitoring: How and What do we monitor?

P ĥ

nnnnnn
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McStas detectors/monitors

Monitoring: How and What do we monitor?

P ĥ

nnnnnn
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Polarization monitors

Available monitors:

Pol_monitor.comp: 0D

PolLambda_monitor.comp: 2D

MeanPolLambda_monitor.comp: 1D
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McStas precession algorithm

Magnetic fields in McStas

The challenge:
Fast beam/ray transport: #

Unknown magnetic field and field strength

>1 Magnet → nested fields.

rays>106
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McStas precession algorithm

while nt < ttarget do
store neutron; 
sample magnetic f eld: B1 = B(nx,ny,nz,nt); 
propagate neutron: δt(<∆t); 
sample magnetic f eld: B2 = B(nx,ny,nz,nt);
while |B1 −B2| > δBthreshold do

restore neutron;
δt := δt/ 2; 
propagate neutron: δt(<∆t); 
sample magnetic f eld: B1 = B(nx,ny,nz,nt);

precess polarization: Pn by ωaround B1 +B2
2 ;

Algorithm 1: SimpleNumMagnetPrecession: Simplistic algorithm for track- 
ing polarization of a Monte-Carlo neutron in a magnetic f eld. The neutron’s 
state is stored as a position (nx,ny,nz), a velocity v, time nt, and polarization 
vector Pn . 

1

From: Knudsen et.al., J. Neutron Research, 2014
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McStas precession algorithm

n

B
1

B
2

δ t
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McStas precession algorithm

n

B
1

B
2

δ t̂=δ t /2
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McStas precession algorithm

while nt < ttarget do
store neutron; 
sample magnetic f eld: B1 = B(nx,ny,nz,nt); 
propagate neutron: δt(<∆t); 
sample magnetic f eld: B2 = B(nx,ny,nz,nt);
while |B1 −B2| > δBthreshold do

restore neutron;
δt := δt/ 2; 
propagate neutron: δt(<∆t); 
sample magnetic f eld: B1 = B(nx,ny,nz,nt);

precess polarization: Pn by ωaround B1 +B2
2 ;

Algorithm 1: SimpleNumMagnetPrecession: Simplistic algorithm for track- 
ing polarization of a Monte-Carlo neutron in a magnetic f eld. The neutron’s 
state is stored as a position (nx,ny,nz), a velocity v, time nt, and polarization 
vector Pn . 

1

From: Knudsen et.al., J. Neutron Research, 2014
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McStas precession algorithm

while nt < ttarget do
store neutron; 
sample magnetic f eld: B1 = B(nx,ny,nz,nt); 
propagate neutron: δt(<∆t); 
sample magnetic f eld: B2 = B(nx,ny,nz,nt);
while |B1 −B2| > δBthreshold do

restore neutron;
δt := δt/ 2; 
propagate neutron: δt(<∆t); 
sample magnetic f eld: B1 = B(nx,ny,nz,nt);

precess polarization: Pn by ωaround B1 +B2
2 ;

Algorithm 1: SimpleNumMagnetPrecession: Simplistic algorithm for track- 
ing polarization of a Monte-Carlo neutron in a magnetic f eld. The neutron’s 
state is stored as a position (nx,ny,nz), a velocity v, time nt, and polarization 
vector Pn . 

1

From: Knudsen et.al., J. Neutron Research, 2014



7 Jul 2017 Erice school 41

McStas precession algorithm

while nt < ttarget do
store neutron; 
sample magnetic f eld: B1 = B(nx,ny,nz,nt); 
propagate neutron: δt(<∆t); 
sample magnetic f eld: B2 = B(nx,ny,nz,nt);
while |B1 −B2| > δBthreshold do

restore neutron;
δt := δt/ 2; 
propagate neutron: δt(<∆t); 
sample magnetic f eld: B1 = B(nx,ny,nz,nt);

precess polarization: Pn by ωaround B1 +B2
2 ;

Algorithm 1: SimpleNumMagnetPrecession: Simplistic algorithm for track- 
ing polarization of a Monte-Carlo neutron in a magnetic f eld. The neutron’s 
state is stored as a position (nx,ny,nz), a velocity v, time nt, and polarization 
vector Pn . 

1

From: Knudsen et.al., J. Neutron Research, 2014

void mc_pol_set_angular_accuracy(double domega);void mc_pol_set_angular_accuracy(double domega);

void mc_pol_set_timestep(double dt);void mc_pol_set_timestep(double dt);
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McStas polarization components

Optics:
● Monochromator_pol.comp
● Pol_bender.comp
● Pol_guide_vmirror.comp
● Pol_mirror.comp
● Pol_pi_2_rotator.comp
● Transmission_polarisatorABSnT.comp
● Pol_bender_tapering.comp

Monitors:
● Pol_monitor.comp
● MeanPolLambda_monitor.comp
● PolLambda_monitor.comp

Idealized components:
● PolAnalyser_ideal.comp
● Set_pol.comp

Magnetic fields:
● Pol_FieldBox.comp
● Pol_constBfield.comp
● Pol_simpleBfield.comp
● Pol_simpleBfield_stop.comp
● Pol_triafield.comp

Contrib:
● Foil_flipper_magnet.comp
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McStas polarization monitors

Monitors

P∥(mx ,m y ,mz)=0.87

MeanPolLambda_monitor

PolLambda_monitor

Pol_monitor

P

nnnnnn
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McStas magnetic fields

● Pol_constBfield.comp
Single constant Magnetic field in a “box”.
- user may specify a wavelength to flip.
- blocking walls
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McStas magnetic fields

● Pol_FieldBox.comp
Single Magnetic field in a “box”
- optional user supplied field c-function
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McStas magnetic fields

● Pol_simpleBfield.comp
● Pol_simpleBfield_stop.comp

● - Entry/Exit contruction allows for nested magnetic 
field descriptions.
- Any magnetic fields through user supplied c-
function
- Tabled magnetic fields
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McStas Polarization Capabilities IV

● Pol_simpleBfield.comp
● Pol_simpleBfield_stop.comp

● - Entry/Exit contruction allows for nested magnetic 
field descriptions.
- Any magnetic fields through user supplied c-
function
- Tabled magnetic fields
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Pol_monitors along the way...
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Pol_monitors along the way...

Pol_lambda_mon 1 placeholder



7 Jul 2017 Erice school 50

Pol_monitors along the way...
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Pol_monitors along the way...
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Nested fields
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Nested fields
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How does one go about it?

Example walk-through: SE-template
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How does one go about it?

Example walk-through: SE-template
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Getting help

Check example header.

Use mcdoc

Read/check the manual

User mailing list: mcstas-users@mcstas.org

Give us a call/write us an email!
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McStas example SEMSANS

Courtesy: M. Sales et.al.
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McStas example SEMSANS



A goal: real sims with background



The problem



The solution
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McStas components on the way

Optics:
● Monochromator_pol.comp
● Pol_bender.comp
● Pol_guide_vmirror.comp
● Pol_mirror.comp
● Pol_pi_2_rotator.comp
● Transmission_polarisatorABSnT.comp
● Pol_bender_tapering.comp
● Pol_McRadia.comp

● Dynamic coupling to RADIA

Monitors:
● Pol_monitor.comp
● MeanPolLambda_monitor.comp
● PolLambda_monitor.comp
● Pol_PSD_monitor.comp

Idealized components:
● PolAnalyser_ideal.comp
● Set_pol.comp
● Pol_SF_ideal.comp

Magnetic fields:
● Pol_FieldBox.comp

● Tabled fields
● Pol_constBfield.comp
● Pol_simpleBfield.comp

● 3D entry/exit windows
● Pol_simpleBfield_stop.comp
● Pol_triafield.comp

Sample component
● Magnetic_single_crystal.compContrib:

● Foil_flipper_magnet.comp
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McStas components on the way

Generalized Simple B-Fields: constant, functional, 
tabled, … but in more general shapes

RF-flipper

He3-objects



7 Jul 2017 Erice school 64

McStas components on the way

McRadia compared with analytical field description

Voxelized 5x9 pts.

Analytical using Pol_triafield.comp

Requires a mathematica license.
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McStas components on the way

P

McRadia compared with other field descriptions
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McStas components on the way

Magnetic single crystal 
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McStas components on the way

Magnetic single crystal – Unpolarized beam
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McStas components on the way

Magnetic single crystal – Polarized beam
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McStas components on the way

Magnetic single crystal 

From: G. Shirane et.al. ,”Neutron Scattering with Triple-Axis Spectrometer”, 
Cambridge Univ. Press, 2002 
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McStas components on the way

Magnetic single crystal 
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Outlook/Discussion items

How can we interact better?
Better support for the community?

Code-sharing?
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