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Agenda

1)Who Is your lecturer?
2)A (very) brief introduction to neutrons, MC & raytracing | .éi

3)Neutron instruments & components i

4)How McStas “works” + is under the hood

5)A demo Ae_'
6)Modelling sample environments in McStas — S
/)Comparing with experiments & what to keep in mind
when simulating...

8)How to get to learn more / Pointers to self-education
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5)A demo N{g
6)Modelling-sampleesvirennentsioMedtas... =% @

/)Comparing with experiments & what to keep in mlnd

when simulating...

8)How to get to learn more / Pointers to self-education

3 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup




McStas

%About the lecturer

. BSc. in Physics - RIS@ / Univ. CPH 1997 “Neutron

diffraction and magnetic structures” (Ho-Er alloys)

. Master-courses in X-ray scattering, atomic physics,
solid state physics, “‘computer physics”, numerical
analysis

. MSc. in Physics, BSc. in Mathematics from Univ. CP

year 2000 -
“Point-spread Functions in Tomography using Filtered Back-projection &, Cissog i s
Reconstruction” (CT/PET/SPECT scanners) } :

1+ Software solutions for Neurobiology Research Unit,
G TN  Copenhagen University Hospital 2000-2002

3D brain-scan visualisation, alignment MR-PET efc...

4 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup




flésmj section _1/8 @
About the lecturer School of Neutron Scattern IS

. 2002- “development engineer” on the McStas

project McStas
E:i@% . 2002-2007 Risg National Lab
|;Tuéhysics 1 2007-2011 Ris DTU m oS
osameeee 20 2012- DTU Physics e o
(G . 2015- 1/3 seconded to ESS DMSC o
. External funding from EU projects, ISIS TS2
project, ESS project etc. Currently ESS project +§
McStas
=== Daily tasks wrt. McStas:

~ Develop new functionality - be it physics or infrastructure-
. wise

Work with users to solve their problems (in any area of
neutron scattering...)

Software expert for “anything McStas”

Teach users about the code and how to use it efficiently

5 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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McStas

The Neutron

Life time:
Mass:
Charge:
Spin:

Magnetic moment:

7172 = 890s
m = 1.675 x 10~ 27kg
Q=0

Domicile :
Profession :

h2k?

1
E=-—mv? =

2m

s=h/2
w/py, =—1.913
A=27/k

E=8181-2"2%=207-k%=5.23-v?

section 2/8

School of Neutron Scattering
Francesco Paolo Ricci

®)

N | \ E R S
CARTE D'IDENTITE
Nom : Neutron Charge {:_.-,}\3_
Né le : BigBang +10%s é:l:ecttrique - : ':,‘5 ., fL ; |
Taille :10'"m nean ‘é%i}_, Vs 3
Masse : Qe 7

1.675 x 107'kg
Signes particuliers:

etoiles et noyau des atomes<<<<<<<<<<<
particule constitutive de la matiere

Mr. Neutron
Energy Wavelength n-Wavevector Velocity Frequency
cold neutrons: E = 1 meV 1 =9.0446 A k= 0.6947 1/A v = 437 m/s v = 0.2418 THz
E = 5 meV 1 =4.0449 A k =1.5534 1/A v = 978 m/s v = 1.2090 THz
thermal E = 25 meV 1 =1.8089A k= 3.4734 1/A v = 2187 m/s v = 6.045 THz
neutrons: E = 50 meV 1 =1.2791 A k= 4.9122 1/A v = 3093 m/s v =

12.090 THz

8

Cross section: coherent + incoherent + absorption

SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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-

The Neutron

—

Life time:

7172 = 890s

Mass: m = 1.675 x 10~ %"kg
Charge: Q=0
Spin: s=h/2
Magnetic moment:  p/p, = —1.913
E— lmvﬂ — h2k2, A=2m/k
2m

E=8181-2"2%=207-k%=5.23-v?

section 2/8

School of Neutron Scattering
Francesco Paolo Ricci

U N | \'4 E R S
CARTE D'IDENTITE
Nom : Neutron 22"”1 a5
; ectrique : o, i P
Né le : BigBang +10%s 7 ¥ e ‘
Taille :10'"m neant y 3*‘;%9 7 FS A
Masse : 1.675x 107kg S S Y A%
Signes particuliers:
ondeetparbcule
-1.913 magneton nucieaire — o
Q%Mbm%%mmzmMSMni !

Domicile :

etoiles et noyau des atomes<<<<<<<<<<<
Profession : id

particule consti

Slow enough to
be manipulated via
mechanical devices

Energy Wavelength n-Wavevector Frequency
cold neutrons: E = 1 meV 1 =9.0446 A k = 0.6947 1/A 437 m/s v = 0.2418 THz
E = 5 meV 1 =4.0449 A k= 1.5534 1/A 978 m/s v = 1.2090 THz
thermal E = 25 meV 1 =1.8089A k= 3.4734 1/A 2187 m/s | v = 6.045 THz
neutrons: E = 50 meV 1 =1.2791 A k= 4.9122 1/A 3093 m/s = 12.090 THz
Cross section: coherent + incoherent + absorption \_/
DTU (7 ‘ EUROPEAN
== (€55 )
O SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup P :
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School of Neutron Scattering

1994 Nobel prize to Shull & Brockhouse Francesco Paolo Rice
—

Awarded for “pioneering contributions to the development
of neutron scattering techniques for studles of condensed

Neutrons show where the atoms are.... matter”

When the nawtrons
collide with atoms in the ”

sample material, thay Nt

change direction (are F=1 Research reactor

scatt ered) - slastic o .

scatt ering. " ‘Bertram N. Brockhouse Clifford G. Shull

(& | Atomein
ovmlh: uno‘c J

g 2
- g . Neutron : ,
- ol o s o spectiostopy  Neutron diffraction
&2 9 . w o
it « W o
\ ‘ .‘\J' J - ‘\ /“ i . - > 923
B : ...and what the atoms do.
“I
-
3-axis spectrometar with ~y
: Crystal that sorts and rot atable crystals and J
Detectors record the d(edtoq! forwards newutrons of rot atable sample
of the neutrons and a diffraction a cartain wavelength
pattern is obtained, (energy) = mono- : Changes inthe
The pattern shows the chromatized newtrons . O _, B :::;,e:ﬂ‘:::':nm
.posmons:htho atoms relative S Atomsine | .- .kf \) analysed in an :
o one anather. N crystalline umpie N F analyser crystal... |4
» \‘ .3 g |' { -
"?"'o ,,"-J V¥ \T’
Yy |
When the neufons .
penetrate the sample
they start or cancel
oscHiations In the
?V’“‘ that sorts and atoms. If the neutrons
orwards neutrons of aeate phonons or
a certain wavelength magnons they
L‘:‘W ¥) - :’nono- themselves lose the w.and the neutrons
omatizred newtrons energy these absorb then counted in a
J-axis spectrometer -~ inelastic scatt ering detector.

10 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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%Neutron facilities

F ission
235U

11 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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NEUTROMS
FOR SCIEMCE

Neutron guide hall -ILL7
Vercors side (WEST)

-----------------

Reactor hall
Inclined guide H4.

Reactor hall ILL 5 Neutron guide hall-ILL7
Experimental level (O Chartreuse side (EAST)
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o section 2/8

Monte Carlo Technique > ™ e BB

* During WW2, “numerical experiments” were applied at Los
Alamos for solving mathematical complications of computing N
fission, criticality, neutronics, hydrodynamics, thermonuclear B

detonation etc.

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

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

* Initially “implemented” by letting large numbers of women use @Eraies
tabularized random numbers and hand calculators for individual SEESESeEs
particle calculations ' :

* Later, analogue and digital computing devices were used

12 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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Early Monte Carlo

Fermiac

PEIE e o Ll At
LS L P v
AT 2 R AN
.
] | |
4. — How the Fermiac works
ENIAC

The Fermiac, as shown in fig. 3, mainly consists of three parts:
1. The lucite platform, that serves as a neutron direction selector.

2. The rear drum, that measures the elapsed time based on the velocity of the partic-
ular neutron in question.

wataty

oMat Mty
- .'- -~
5

section 2/8

School of Neutron Scattering
Francesco Paolo Ricci

k, 'e-/; Electronic Numerical Integrator and Computer)['2l was amongst the earliest
electronic general-purpose computers made. It was Turing-complete, digital and able to solve "a large class
of numerical problems" through reprogramming. 3141

Although ENIAC was designed and primarily used to calculate artillery firing tables for the United States
Army's Ballistic Research Laboratory,[5ll%] its first programs included a study of the feasibility of the

thermonuclear weapon.[”! In 1992, the Ballistic Research Laboratory became a part of the US Army

3. The front drum, that measures the distance traveled by the neutron between sub-
sequent collisions based on the neutron velocity and the properties of the material

Research Laboratory.

being traversed. ENIAC was completed in 1945 and first put to work for practical purposes at the end of that year.[®!

Before operating the Fermiac, you need to make a scale drawing of the nuclear device =~ ENIAC was formally dedicated at the University of Pennsylvania on February 15, 1946 and was heralded as
under exam; this is obtained by projecting on a plane the concentric sections of the  a"Giant Brain" by the press.l®! It had a speed on the order of one thousand times faster than that of electro-

different materials, as shown in fig. 4. Then you need to decide an initial collection of  mechanical machines; this computational power, coupled with general-purpose programmability, excited

source neutrons (at the T-Division usually 100 neutrons were taken), and for each one you
need to determine the location of the first collision or possible escape. This is achieved by
statistical considerations on the characteristics of the type of material being traversed.

You also need to establish the nature of the collision of each neutron: elastic, inelastic  (allowing one ENIAC hour to displace 2400 human hours).[°]

scattering or fission (if the material allows), and the distance to the next collision. Then
you can operate the Fermiac to follow the fate of each neutron.

https://issuu.com/coccetti/docs/fermiac coccetti 2016

13 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup

scientists and industrialists alike. The combination of speed and programmability allowed for thousands more
calculations for problems, as ENIAC calculated a trajectory in 30 seconds that took a human 20 hours
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https://issuu.com/coccetti/docs/fermiac_coccetti_2016

McStas section 2/8

Q- . .
Monte Carlo Technigue *" ™

. Los Alamos has since then developed and perfected many different monte
carlo codes leading to what is today known as the codes MCNP5, MCNPX,
MCNP6

State of the art is MCNPX (or the merged MCNP6.x code) that features
numerous (even exotic) 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

. Does not to date handle coherent scattering of neutrons due to the focus on
high energies - materials are to first order all “gasses”

+—i 100 METERS

\ "\ EUROPEAN

7
%‘s | SPALLATION
N s

SOURCE
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Q- . .
Monte Carlo Technigue *" ™

. Los Alamos has since then developed and perfected many different monte
carlo codes leading to what is today known as the codes MCNP5, MCNPX,
MCNP6

State of the art is MCNPX (or the merged MCNP6.x code) that features
numerous (even exotic) 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

. Does not to date handle coherent scattering of neutrons due to the focus on
high energies - materials are to first order all “gasses”

+—i 100 METERS
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-O- section 2/8 @
Examples of Monte Carlo programs > o e e e s s

—

Each time physics takes place (scattering, absorption, ...)
random choices are made.

Light ray-tracing: PoOV-RAY and others ...
Nuclear reactor simulations (neutron transport):

MCNP, Tripoli, GEANT4, FLUKA
Neutron Ray-Tracing propagation:
McStas <www.mcstas.org>, Vitess, Restrax, NISP, IDEAS

Neutrons are described as (r, v, s, t), and are transported along
Instrument models.

Propagation simply uses Newton rules, incl. gravitation.
X-ray tracing
Shadow, McXtrace, RAY, ...

16 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup




section 2/8 @)

McStas
School of Neutron Scatterlng

Ray-tracing methods

Image
Camera / 8 Light Source

N 7] ' View Ray

Scene Object

. When neutrons move in “free space”, we use ray-tracing - but in
most cases in direction source -> detector
. Of course parabolas rather than straight lines are uses to implement

Y\ \ EUROPEAN
)| | spaLLaTION
1\ 7/

% /,/ SOURCE

\

gravity

i<

17 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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School of Neutron Scattering

Elements of Monte-Carlo raytracing A S S| S
I —————————————————————————————

. Instrument Monte Carlo methods implement coherent scattering effects
. Uses deterministic propagation where this can be done s
. Uses Monte Carlo sampling of “complicated” distributions and stochastic ~ + = ¥

processes and multiple outcomes with known probabilities are involved e S sl
. - l.e. inside scattering matter

. Uses the particle-wave duality of the neutron to switch back and forward
between deterministic ray tracing and Monte Carlo approach

. Result: A realistic and efficient transport of neutrons in the thermal and i
cold range e
DTU (o o
18 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup - S
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School of Neutron Scattering

Neutron instruments & components

£&——— Moderator

A moderator slows down the
neutrons produced in the
spallation process and illimi~
nates a neutron guide,

Target Nucleus

-
0
™

Energetic proton

When a high-energy proton bombards

a heavy atomic nucleus, causing it to

become excited, 20 to 30 neutrons are expelied.

19 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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School of Neutron Scattermg

Neutron instruments & components
e —————————————————————————————

Moderator
A moderater slows down the
neutrons produced in the

spallation process and illimi-

nates a neutron guide,

“Neutronics”, i.e MCNP
or equivalent

Target Nucleus

7\

Energetic proton
When a high-energy proton boflitbards

a heavy afomic nucleus, causig it to

become excited, 20 to 30 neyfons are expelied.

-

\\ \ EUROPEAN

)| | SPALLATION
/

7/ SOuRCE
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School of Neutron Scattermg

Neutron instruments & components

McStas

Neutron Guides ———,

Cross-over point
IS the neutron
moderator...

Moderator
A moderator slows down the
neutrons produced in the

spallation process and illimi-

nates a neutron guide,

“Neutronics”, i.e MCNP
or equivalent

Target Nucleus

Energetic proton
When a high-energy proton boflbards
a heavy atomic nucleus, causig it to

become excited, 20 to 30 neylfons are expelied.
[]TU . 3 EUROPEAN
— SPALLATION
- . . . . -— ),/ SOURCE
21 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup P
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School of Neutron Scattermg

O
Neutron instruments & components

McStas

Neutron Guides ———,

Cross-over point
IS the neutron
moderator...

Moderator
A moderater slows down the
neutrons produced in the
spallation process and illimi-
nates a neutron guide,

“Neutronics”, i.e MCNP
or equivalent

Target Nucleus

Energetic proton
When a high-energy proton boflbards
a heavy atomic nucleus, causig it to
become excited, 20 to 30 neylfons are expelied.
[]TU [ W EURQPEAN
o= ©3H) ™
—

22 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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ion 3/8 .
@-\Moderators... eoten Q)

School of Neutron Scattering

(Where MCStaS StartS) Francesco Paolo Ricci SO=NS

—

 HNxy Et) from newtronics
L —
.".--... o
.__.-"
.__.-"
.__.-"
_.-"-. i £
e | - —
o~ _.-"" . .
.-"'_'..-.___ J___,.d'ff e
.-_.r"
A {4y (x.y)
-.-.-.. =
A (] L
BL
Per beamling:
&L_ Hxv
%fo} Etl = (x.v.E1)

23 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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section 3/8
%MOderatO IS... School of Neutron Scattering @
(Where McStas starts) Francesco Paolo Rici

‘iﬁnev-eV-MeV-é;eV

24 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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School of Neutron Scattering

“Normal” sources in McStas Francesos Pty e [STOINES

. Describe the moderator(s) ONLY
. Describe only thermalised neutrons

. Uses analytical curves to express spectra, emission profiles etc.,
typically modelled using e.g. MCNP

. Advantages:

. Fast runtime (ESS_ butterfly instrument w. guide transports 1le7
neutron rays in 11 seconds on 4 cores)

- No stat/bias issues generating further events
- Excellent “match” for what the neutron optics can actually transport!

. Disadvantages:

- The above issues in lacking description of high-energy particles and
non-moderator particles

25 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup




McStas section 3/8

ﬂ_. McStas MQNQ
L ] 4 | | .X
What is MCPL? a ‘
NFITESS . -'
— ~
. MCPL is short for Monte Carlo Particle List —
—-~ i

Interchange-file-format for Geant4, MCNP(x), McStas efc...

. Created by T Kittelmann, ESS Detector Group, input from DTU, ESS etc.

. GitHub site: https://mctools.qgithub.io/mcpl/

. Paper: T. Kittelmann et. al. Computer Physics Communications (218) pp. 17-425*

. Talk on the subject here:
. http://coimbra2016.essworkshop.org/slides/MCPL Kittelmann.pdf

This project is funded by the European INE This project is funded by the European bri htn%
Union (H2020 GA no. 654000) 020 Union (H2020 GA no. 654000) g ' ‘
DTU ‘/////7;?%\\\ EUROPEAN
. . 1/ ) )
. . . . . MCPL monte carlo Particle Lists e \93'/5/“ SURCE
20 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup -



https://mctools.github.io/mcpl/
https://mctools.github.io/mcpl/
https://mctools.github.io/mcpl/
https://doi.org/10.1016/j.cpc.2017.04.012
https://doi.org/10.1016/j.cpc.2017.04.012
https://doi.org/10.1016/j.cpc.2017.04.012
http://coimbra2016.essworkshop.org/slides/MCPL_Kittelmann.pdf
http://coimbra2016.essworkshop.org/slides/MCPL_Kittelmann.pdf

fh@‘gmj section 3/8 @

School of Neutron Scattering

MCPL file as a McStas source Y IS
I ————————————————————————————

. Describe any particle reaching area near the beam port, arriving from anywhere

. Describe all neutrons, any energy - but also gammas efc...

. Implemented using the SSW card in MCPN in combination with a dxtran sphere
“around” beam port

. Advantages:

- Describes anything MCNP generates, including thermalised neutrons off the
reflector...

- Could be used in attempt to model signal-to-noise @ sample, with combined
McStas+MCNP transport...

. Disadvantages:

- Stat/bias issues generating further events (simple repetition brings nothing
new)

- Files are Gb size as a starting point R e
- In comparison with “normal” McStas source slow . R
=N Abrightness L e

\\ \ EUROPEAN
)| | SPALLATION
7 / SOURCE
%

27 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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‘o section 3/8
Example use Of MCPL for ESS School of Neutron Scatterl_ng

Francesco Paolo Ricci

—

. In the file, a Dirac-delta (time) proton beam on target, 1e5 protons “NPS”,
- l.e. McStas component/instrument includes normalisation factors s
- 1/1e5 protons/simulation -> neutrons / incoming proton — "’
- 1.56e16 protons/s -> neutrons / second (default McStas intensity units) | ¥ &
- MC choice on time within pulse length

 ESS butterfly 1 design “current model”
. Simulations run for “the expected day-1 instruments”
. “dxtran sphere” used to illuminate beam port

. Size ~ 3-5Gb / beam line

. Includes ~ 1e8 particles in total

. - out of these ~50% are neutrons

. Once reduced to “transportable neutrons” ~ 1e7 events

. Takes 5-10 minutes to process through instr w/guide if not filtered in any
way...

: : : : : MCPL Monte Carlo Particle Lists
28 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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‘o _ section_3/8 @
Neutron guides e taanttd S o S

—

Providing transport to the
experiment area with few losses

(external total reflection...)

W

200

i

SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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Collimators & slits

section 3/8

School of Neutron Scattering
Francesco Paolo Ricci

T T e T

fl’m

{
|

|
Il ”‘h

30 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup

Allows to manipulate the beam
cross-section and divergence...
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Q- __. section_3/8 @)
Disk Choppers R ] -

i

y'

Optional beamstop of width 8,

\\ \ EUROPEAN
SPALLATION
/ / SOURCE
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%Velocity selector

32 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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‘o _ section 3/8 @)
Fermi Choppers o e e

Rotating set of slits with optional

insert “slit-package”. Temporal + spectral
¥a g manipulation.

Al=Cd=sln package

E
a4
= .
=) a2
=}
= -X

FA L
=

e
Absorbing

Chopper wall
0 i ‘:‘H‘.“""-— —-""'.'.“H:, i
Bl - 0 .02 0.4
Xim|

==
33 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup -—
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“9-Crystal monochromators
(and analyzers)

—

section 3/8
School of Neutron Scattering

Francesco Paolo Ricci

Bragg'’s law in action for
monochromatisation,

oA

34 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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McStas

o section 3/8

" School of Neutron Scatteri
Samples studied... T o e o

As you have already seen, “matter” in
almost any form imaginable...

EUROPEAN

R “1‘5\
%‘s | SPALLATION
N s

SOURCE
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McStas

section 3/8 @
School of Neut Scatteri
Detectors T ancesco Palo icet RTINS
Detectors of any form or size, in McStas

we call them “monitors” - they are in most
cases perfect probes w/o interaction...

EUROPEAN
| SPALLATION
SOURCE
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McStas section 4/8

McStas Introduction

. Flexible, general simulation utility for neutron scattering experiments.

. Original design for Monte carlo Simulation of triple axis spectrom_eter’sﬂ b

GNU GPL
license
Open Source

. Developed at DTU Physics, ILL, PSI, Uni CPH, ESS DMSC

ano McStas hamepage

e

=7

(41O AN o i mesasoras B v G pore: o o e or JA LR
2 L

Most visited - Getting Started _Latest Meadlines i hup:| jwww.gosgle  Ceekblog® Nyheder hup:/www.guogle. . dr.dk + open streami

2 ~
p— e —

. V. 1.0 by K Nielsen & K Lefmann (1998) RIS@ 'Q°  MeStas - e & A9 maomo 2

McStas - A neutron ray-trace simulation package

s is & general loal for simulating neutron scattering instruments and experiments, It s actively supported by Rise DTL
( I

. Currently 2.5+1 people full time plus students

Recent news

We have gathered talk and poster material from ICNS 2009 in a special conference page. Work by the McStas team and
close connections have been added.

We would also like thank those of the ICNS attendees that were in our workshop or came by our postars for interesting

McStas
About McStas
Contions of e
A Caniasts
ez nging
Componanis
[
Mailing list
Search web/mailinglist
Documentation Smulsted scattering from a
e
no
oo robiems
Bdcion
€ Somaiers
s
Tuasal
Workshops/conferences
Developments
Eattorms
Links
Report bugs
cvs
Done

Project website at mcstas-users@mcstas.org mailingli L o
http://www.mcstas.org

Y\ "\ EUROPEAN
)| | SPALLATION
// SOURCE
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McStas

-@-McXtrace - since jan 2009 similar for X-rays section 4/8 @)J
McStas Int roductlon s o i

Main Page - McXtraceWiki o

OBB @ @ @ (]_1 http / /www.mcxtrace. org/mdex php?title=Main Page ’H‘l\ a t, ' i Gﬂgle Qj _-,:Iﬁi—a

Most Visited ¥  Getting Started Latest Headlines http://www.google.... Geekblog  Nyheder http://www.google....  dr.dk > open streami...

'{ Logm/ creé'te accoum-
S‘ [article ] | discussion edit history
McXtrace | Main Page

WH McXtrace e

McXtrace - Monte Carlo Xray ray-tracing is a joint venture by

| ‘ navigation

= Main Page a @ .

s Paitasre & & I Risg DTU
Project People . .

Project Status

Vacancies Funding from NABIIT, DSF & and the above parties.
Project Goal

Mailing List MecStas [
Links Our code will be based on technology from .

SMEXOS talks
= SRI0Y abstracts For information on our progress, please subscribe to our user mailinglist.

Q

search mailto:webmaster@mcxtrace.org =l

(g»\ (Search)

toolbox

= What links here
Related changes
Upload file
Special pages
Printable version

=

Permanent link

This page was last modified 13:15, 25 February 2009. This page has been accessed 2,049 times. Privacy policy About McXtraceWiki Disclaimers [fwi] 333;%:
| C ® Synergy, knowledge transfer, shared infrastructure
o m5 (ess i
38 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup P



mailto:neutron-mc@risoe.dk
mailto:neutron-mc@risoe.dk
mailto:neutron-mc@risoe.dk
http://www.mcstas.org/
http://www.mcstas.org/

McStas

o section 4/8

Used in many places ="

e "h

\\ \ EUROPEAN
| | sPALLATION

.‘ ] / SOURCE
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National Laboratory
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aaaaaaaa

Instituto
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What is McStas used for? = e S‘E‘ﬁ)a)s

. Instrumentation

. Planning e
. Construction

. Virtual experiments
. Data analysis

. Teaching
(KU, DTU)

INTRODUCTION TO
THE THEORY OF

THERMAL
NEUTRON
SCATTERING

Y\ \ EUROPEAN
)| | SPALLATION
// SOURCE

time [« sec]
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School of Neutron Scattermg

Reliability - cross comparisons
-

 Much effort has gone into this

 Here: simulations vs. exp. at powder diffract. DMC, PSI
 The bottom line is
 McStas agree very well with other packages (NISP, Vitess, IDEAS, RESTRAX, ...)

 Experimental line shapes are within 5%
. Absolute intensities are within 10%
 Common understanding: McStas and similar codes are reliable

7000 T T T T T T T T
Total {(mw2as) DMC powder data
v 11 L I=TE TN 220 stmenre Sl o McStas powder dat
. Taral (zimp 6000 |-
VT B BAC meas) o 4
— = TR [xim)y 5000 -
Eoge T o o IndEimy ;,z—-., ...... ] p
e L g 4000
E B R It I | .................. % o
E " | ts b
f K TR ERRTIRY: T l .......... .El | .:.',_:.T 2000 -
11 s N
I s —
= -4 1 T ‘u_+ B & i
__!!_!...!i!__.'— - 1000 -
. L -
14 2 22 _31'4 2 28 % 20 a0 10 50 50 70 80 % 100
O [Anes 7 20 / [degrees]
E. Farhi, P. Willendrup et al., in preparation P. Willendrup et al., Physica B, 386, (2006), 1032.

\ \ EUROPEAN

=
=
—

SPALLATION
// SOURCE

H
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‘o section_4/8 @
McStas: key concepts s seiers Ko

Neutron ray/package:

Monochroma|Weight (p): # neutrons (left) in the package
|Coordinates (x,y,z)

Velocity (vx,vy,vz)
z ISpin (sx,sy,sz) Time (1)
A
A
0 Z N\ 8
N
y

Crystal in Bragg scattering condition

| SPALLATION
// SOURCE
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McStas

section 4/8 @)
McStas: key concepts e s K

Monochromatic neutron source

0 Kngy‘ 8

e e 0 0 0 0 e s o0 00 00
oo-oogMaoooo-o
® & 0 0 0 0 00 0 00
e e e e 00 e 0000000

Crystal in Bragg scattering condition

\ EUROPEAN
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McStas ;
section 4/8
® -
School of Neutron Scatterlng

McStas: key concepts

~ NN
i
ety 3

IComponents: Here the neutron

Monochromat thSiCS happen, neutron Weight
ladjusted according to scattering \

[probabilities etc.

Component “classes”:

* Neutron sources

 Optical elements v
 Sample descriptions

i * Monitors 2

|

Crystal in Bragg scattering condition | &
DU
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section 4/8
® -
School of Neutron Scatterlng

McStas: key concepts

Local, internal coordinate system!

~ NN
i
ety 3

IComponents: Here the neutron

Monochromat thSiCS happen, neutron Weight
ladjusted according to scattering \

[probabilities etc.

Component “classes”:
* Neutron sources
 Optical elements
« Sample descriptions

¥ * Monitors g

|

Crystal in Bragg scattering condition e

Z}\t',“_.l,

DTU ¢

|
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McStas
School of Neutron Scattering

ﬂ_.
McStas: key concepts

Instrument: positioning +

transformation between

Monochromatig . .
Isequential component coordinate

systems, e.g. neutron source,
|crystal, detector.

z — towards “next” component

y _ G‘up')i
Right-handed coordinate system

y
Crystal in Bragg scattering condition g 1o
DTU (
-—
L e
A
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McStas
School of Neutron Scattering

-0
Order of components is important

—

o

Starting at the source

N
01U (o) s
\ //// SOURCE
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McStas
School of Neutron Scattering

-0
Order of components is important

—

=

Moving to first comp in the list

N
UV (egs ) o
\ //// SOURCE
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McStas ;
section 4/8
O - .
School of Neutron Scattering

Order of components is important
—

7

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.

"\ EUROPEAN

e | seacamon
L\ )

/
//// SOURCE

N\’
==
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‘o section 4/8 @)

School of Neutron Scattering

Order of components is important Francesco Paolo Ricci ISJOINES,
—

Components are 100% independent
and “unaware” of each other - overlaps
can cause unexpected behaviour!
Components are 100% independent
and “unaware”|of each other - overlaps

— can cause unexpected behaviour!
1 2 3

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.

EUROPEAN
|| | spaLLaTion
!/

/) SOURCE
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McStas

-

In the big picture...

—

1. Particles emitted
with random starting
conditions via MC

- -
-
o
-

000 0.0

- "ray-traced”

3. Will eventually

meet other objects
e.g. a studied
experimental sample
and get scattered via
MC again

2. Particles are

through space
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Francesco Paolo Ricci

4. At various points

section 4/8

in the instrument =
the particle states %
are measured in

R

N\ "\ EUROPEAN
)| | SPALLATION
/' SOURCE
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flésmj _ section 4/8 @)
McStas overview el < 5T S

. Portable code (Unix/Linux/Mac/Windoze)

——
Gt ‘
{ i ¢

. Ran on everything from iPhone to 1000+ node cluster!

'‘Component' files (~100) inserted from library

1 Sources
. Optics

. Samples
 Monitors

+ If needed, write your own comps

. DSL + ISO-C code gen.

Y\ "\ EUROPEAN
\ _‘ SPALLATION
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McStas ;
section 4/8
® -
School of Neutron Scatterlng

Under-the-hood / inner workings
e ———————————————————————

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

Code generation

- ——
. Simple Instrument language 1ISO C

. Component codes realizing beamline parts (including user contribs

 Library of common functions for e.g,, \ :: | ;:.;
Vo 16— &5 NN Fl
. Random numbers = M[ “||| . ||]|'|||| ]’]I
. Physical constants 1 ﬁi " N "‘Il | ’lll“ |'||”
. Precession in fields l““ll 21 e
I e e nl‘ 18

53  SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ‘ g 955




McStas

‘o section 4/8
- School of Neut Scatteri
Implementatlon T aneesce Paola Rine

—

* Three levels of source code:
* Instrument file (All users)
e Component files (Some users)

* ANSI c code (no users)
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McStas

- section 4/8 @ )
Instrument file e s pacts s 2

—

OEFINE INSTRUMENT My Instrument (DIST=10)

/* Here comes the TRACE section, where the actual *
A* instrument i1s defined as a sequence of components. */
TRACE

A* The Arm() class component defines reference poinkts and orientations */
A* 1n 30 space. */
COMPONENT Origin = Arm()

AT (0,0,0) AESOLUTE

COMPONENT Source = Sovurce simpled
radins = 0.1, dist = 10, =w = 0.1, vh = 0.1, E0 = 5, dE = 1)
AT (0, 0, 0) RELATIVE Origin

COMPOMENT Emon = E monitor
filename = "Emon. dat", z2min = -0.1, zmax = 0.1, ymin = -0.1,
= 0.1, Emin = 0, Emax = 10
AT (0, 0, DIST) RELATIVE Origin

COMPONENT PSD = PSD_monitor |
= 128, ny = 128, filename = "B5D.dat", zmin = -0.1,
znax = 0.1, ymin = -0.1, ymax = 0.1)
AT (0, 0, le-10) REELATIVE Emon

£* The END token marks the instrument definition end */
END

\\\ EUROPEAN
SPALLATION
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McStas

h Component file

E*******************************************************************************

Mcstas, neutron ray-tracing package
Copyright 1997-2002, a1l rights reserved
Risoe National Laboratory, Roskilde, Dermark
Institut Lawe Langewvin, Grenchle, France

Component: Source_flat

A

Written by: Eim Lefmann

Date: Octobher 30, 1997

Modified by: EL, October 4, 2001

Modified by: Emmaruel Farhi, October 30, 2001. Serious bug corrected.
Version: SRevision: 1.22 &

Origin: Risoe

Release: MeStas 1.6

B circular neubron source with flat energy spectrum and arbitracy flox

D

The routine is a clrcular nevtron source, which aims at a sguare target
centered at the beam (in order to improwe MCG-acceptance rate). The angular
diwvergence is then giwven by the dimensions of the target.

The neutron energy i1s uniformly distributed between EO-dE and EO0+dE.

Example: Source flat(radius=0.1, dist=2, zw=.1, vh=.1, E0=14, dE=Z)
b

P

radius: (m) Radius of circle in (2 v, 0) plane where neutrons
are generated.

dist: () Distance to target along =z asis.

pian () Width(x) of target

wh: () Height(y) of target

ED: (me¥) Mean energy of newktrons.

dE : (me¥) Energy spread of neutrons.

Lambdal (Aa&) Mean wawelength of neutrons.
dLambda (Ad) Wavelength spread of neutrons.
flux (17 (s*cm**2+5t)) Energy integrated flux

L A I A I IR TR IR O T T S o S S S S S S S S

%E
*******************************************************************************I

DEFINE COMPOMENT Scurce simple
DEFINITION PARREMETERS ()
SETTING PARBMETERS (radiws, dist, =w, yh, E0=0, dE=0, Lambdal=0, dLambda=0, flux=1)
OUTPUT PARBMETERS ()
STATE PARBMETERS (2, v, Z, VX vy, v, t, 81, 52, p)
DECLARE
%
double prul, pdic;
%}
INITIALIZE
%]
prinl=flux+PI+led*radivs*radius /meget_ncount () ;
®}

50 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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School of Neutron Scattering
Francesco Paolo Ricci

TRACE
B
double chi,E,Lambda, v, ©, =f, vf, cf, dx. dy;

t
4

0;
0;

chi=2+PI*rand0l () ;
r=sqrt (rand0l () ) *radius;
#=r*cos (chi);
y=r*sinfchi);

#/* Choose point on source */
A+ with vniform distribution. */

randwec_target rect(8xf, &yf, Scf, &pdir,
O, 0, dist, =w, vh, ROT A CUREENT COMP);

dx = =xf-x;
dy = yf-v; ] ]
rf = sqrt{dx*dx+dy*dy+distrdist);

p = pdic*pmul;

1f (Lembdal==0) {
E=E0+dE*randpml () ; #*  Choose from vniform distribution *5
w=sqrt (E) *5ELV;

} else |
Lambda=Lambdal+dLambda*randpml () ;
v = E2V+(2+PI/Lanbda);

i

ve=w+dist,/rf;

vy=vrdy/rf;

v=vrda/rf;
&}

MCOISPLAT
L3

magnify{ ¥

circle( L0.0,0, radius) ;
%t

END

Written by developers
and possibly you!

EUROPEAN
| SPALLATION




McStas section 4/8

Generated c-code

#* Butomatically generated file. Do not edit. "“ 'IJJ 2 <
* Format: BNSI C source code t . . ' Lef < - 5

+ Creator: McStas <http: //neutron. risoe. dk: M S (p ) p L5 Y
* Instrument: My_Instrument. instr (My Instrument) C aS ]'S a re Com 1 er'
* Tate: Sat Apr 9 15:27.56 2005

*/

/* THOUSANDE of lines removed here. ... */ Written by mcstaS! Input iS .Comp and .instr files +

#* TRACE Component Source. */

O runtime functions for e.g. random

meccoordschange (mcposrSource, meorotrSource,
smenlx, Smenly, Smenlz,
Emonlwe, Sancn{vy, Emcnlve, numb erS
smenlt, Smeonls=, Smenlsy)
mcDEBUG_STATE (menlx, monly, monlz, menlwz, monlwy, menlvz, menlt, menlsz, monlsy, menlp)
% menls
v mcnly
=z mcnlz

e Output is a single c-file, which can '

vy menlvy
vz menlwe

e be compiled using e.g. gcc.
=2 mcnlsy
mcnlp

HEeEHHEHEERERE®

STORE_NEUTRON (2, menlx, mcnly, mcnlz, monlvx, monlwy, nenlvz, menlt, menlsz, menlsy, meonlsz, monlp)
mecScattered=0;

e Can take input arguments if

# mcocompourindes 2
#* Declarations of SETTING parsmeters. */

IEICNUM radivs = moeSource_radivs; - needed.

MOMUM dist = mccSource_dist;
MCHUM v = MoCSoUrce_ow:

MCHUM vh = mocSource_yh;
MCHUM E0 = mccSource EO;
MCHUM dE = mocSource dE;

MCHUM Lanbdal = mecSource Lambdal;
MCWUM dLanbda = mecSource_dLambda;
MONUM £lux = moccSource_£lux;

# =t

i
double chi, E,Lambda, v, ¢, =f, vf, of, dx dy;

t=0;
=U

chi=2+PI*rand0l{); #* Choose point on source */
r=sqrt{rand0l () +radius; A* with vniform distribution. */
x=r*cos(chi);

y=r*sinichi});

"\ EUROPEAN

randvec_target rect(Sxf, Syf, Scf, &pdir,
0, 0, dist, zw, vh, ROT_A CUREENT_COMP); | spaLLATION
/' SOURCE
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McStas section 4/8

v rltlng new COmpS or UnderStanding School of Neutron Scattering
eX|St|ng |S nOt that CompleX... Francesco Paolo Ricci

. Check our long list of components and look inside... Most
of them are quite simple and short... Statistics: |

Number of lines of code per component - 199 comps in total »)

J T

Guide_four_side_10Q shells

du
T

10 |
= Guide_four_side_2| shells
a ]
£ lide _four
a urce_Opt
E _modera
] ]
Q
L
g

10 : - : : : : e
0 20 40 60 80 100 120 140 £
Component no. (i
DTU ( ‘ EUROPEAN
el ) ) o™
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McStas section 4/8

Including user contribs "™

—

| Well-developed community support
- 30-40% of existing and new additions are from users , S0
- No direct refereeing of the code, but these requirements: ' T
- At least one test-instrument
-Meaningful documentation headers (in-code docs)
- Contributions go in dedicated contrib/ section of library

| Natural life-cycle of contrib’s

- Bug-fixes are applied both by contributor and developers
- If contributor becomes unavailable either:

In optics/

- Few/no users of comp: Move to obsolete/ until next majs
release

—p-
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McStas

0 Example suite:
~140 instruments

—

section 4/8
School of Neutron Scattering

icci

Spin-echo B scan dependence of wavelength

' X0=0.00C
DMC powder datd
McStas powder d

Counts in 25 minutes

willand 14—lun—20

. . . . . . , 3 . o / Y\ \ EUROPEAN
s0 52 5 56 56 Y - s

o . - P P A " i SPALLATION
20/ [degrees] 4 T
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ﬁh@smj section 5/8 (‘ "
TI m e fO r a d e m O ’? ? School of Neutron Scattering PN
- . Francesco Paolo Ricci

- McStas

mcgui-py

Instrument:

McStas

AG_’ Open...

Messages:

r /
ULSCHERRER INSTITUT '

NEUTRONS

PSI_DMC_20180706_111332

McStas version 2.4.1 (Jun. 26, 2017)
Copyright (C) DTU Physics and Risoe National Laboratory, 1997-2017
Additions (C) Institut Laue Langevin, 2003-2017
All rights reserved

- Component library: McStas-2.4.1, built Jun. 26, 2017

EUROPEAN

== (€55 i
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McStas

_ section 6/8
%Sample + enVlronment, School of Neutron Scattering @

geometrical constraints Francesco Paolo Ricci
-

. Geometries of objects In McStas, either

. Box, cylinder, sphere (all with possibility
of being “hollow”) - or simple,
mathematical plane / rect. cutout

S / ¢

. Polygonal surface (GeomView OFF
format)

. Almost always homogenous material
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Mecs“’s section 6/8
1 -
Sample + environment School of Neutron Scattering

- Concentnc geometnes Francesco Paolo Ricci

/* external shield */
COMPONENT Environment_in=Isotropic_Sqw(
radius = environment_radius, yheight = 0.1, thickness=environment_thickness,
Sqw_coh=environment, concentric=1, verbose=@, order=1, d_phi=2%RAD2DEG*atan2(1, LSD)
) WHEN (environment_thickness > @)
AT (@, @, @) RELATIVE Sample_rot
EXTEND %{
flag_env += SCATTERED;
%}

/* sample container *x/

COMPONENT Container_in=Isotropic_Sqw(
xwidth = sample_width+le—4+container_thickness,
zdepth sample_thickness+le-4+container_thickness,
yheight = sample_height, thickness=container_thickness,
Sqw_coh=container, concentric=1, verbose=@, order=1, d_phi=2%RAD2DEGxatan2(1, LSD)|
) WHEN(container_thickness > @)

AT (0, @, @) RELATIVE Sample_rot

EXTEND

%{
flag_env += SCATTERED;

%}

o

COMPONENT SampleS=Isotropic_Sqw(
xwidth = sample_width, zdepth=sample_thickness, yheight = sample_height,
Sqw_coh= sample_coh, Sgw_inc= sample_inc, p_interact=0.9,
d_phi=2%RAD2DEG*atan2(1, LSD), order=1)

WHEN (flag_sample_choice == 1)

AT (0, @, @) RELATIVE Sample_rot

EXTEND

%{
flag_sample += SCATTERED;

%}

COMPONENT SampleV=Incoherent(xwidth = sample_width, zdepth=sample_thickness, yheight = sample_hei
focus_ah = 2xRAD2DEGkatan2(1, LSD), focus_aw=150.0)

WHEN (flag_sample_choice == 2)

AT (0, @, @) RELATIVE Sample_rot

EXTEND

9%{
flag_sample += SCATTERED;

%}

z/[m]

COMPONENT Container_out=COPY(Container_in) (concentric=0) V7, 5y -

WHEN (container_thickness > @) Concentr’c geometrles

AT (@, 0, @) RELATIVE Sample_rot

EXTEND /

%{ P
flag_env += SCATTERED; 3

%} p) |

A

/* external shield %/
COMPONENT Environment_out=COPY(Environment_in) (concentric=0)
WHEN (environment_thickness > @)
AT (@, @, @) RELATIVE Sample_rot
EXTEND %{
flag_env += SCATTERED;
%l




Mecs“’s section 6/8
1 -
Sample + environment School of Neutron Scattering

- Concentnc geometnes Francesco Paolo Ricci

/* external shield */
COMPONENT Environment_in=Isotropic_Sqw(
radius = environment_radius, yheight = 0.1, thickness=environment_thickness,
Sqw_coh=environment, concentric=1, verbose=@, order=1, d_phi=2%RAD2DEG*atan2(1, LSD) A
) WHEN (environment_thickness > @)
AT (@, @, @) RELATIVE Sample_rot
EXTEND %{
flag_env += SCATTERED;
%}

/* sample container *x/

COMPONENT Container_in=Isotropic_Sqw(
xwidth = sample_width+le—4+container_thickness,
zdepth sample_thickness+le-4+container_thickness,
yheight = sample_height, thickness=container_thickness,
Sqw_coh=container, concentric=1, verbose=@, order=1, d_phi=2%RAD2DEGxatan2(1, LSD)|
) WHEN(container_thickness > @)

AT (0, @, @) RELATIVE Sample_rot

EXTEND

%{
flag_env += SCATTERED;

%}

o

COMPONENT SampleS=Isotropic_Sqw(
xwidth = sample_width, zdepth=sample_thickness, yheight = sample_height,
Sqw_coh= sample_coh, Sgw_inc= sample_inc, p_interact=0.9,
d_phi=2%RAD2DEG*atan2(1, LSD), order=1)

WHEN (flag_sample_choice == 1)

AT (0, @, @) RELATIVE Sample_rot

EXTEND

%{
flag_sample += SCATTERED;

%}

COMPONENT SampleV=Incoherent(xwidth = sample_width, zdepth=sample_thickness, yheight = sample_hei
focus_ah = 2xRAD2DEGkatan2(1, LSD), focus_aw=150.0)

WHEN (flag_sample_choice == 2)

AT (0, @, @) RELATIVE Sample_rot

EXTEND

9%{
flag_sample += SCATTERED;

%}

z/[m]

COMPONENT Container_out=COPY(Container_in) (concentric=0) V7, 5y -

WHEN (container_thickness > @) Concentr’c geometrles

AT (@, 0, @) RELATIVE Sample_rot

EXTEND /

%{ P
flag_env += SCATTERED; 3

%} p) |

A

/* external shield %/
COMPONENT Environment_out=COPY(Environment_in) (concentric=0) A J
WHEN (environment_thickness > @)
AT (@, @, @) RELATIVE Sample_rot
EXTEND %{

flag_env += SCATTERED;
%l
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/* external shield */
COMPONENT Environment_in=Isotropic_Sqw(
radius = environment_radius, yheight = 0.1, thickness=environment_thickness,
Sqw_coh=environment, concentric=1, verbose=@, order=1, d_phi=2%RAD2DEG*atan2(1, LSD) A
) WHEN (environment_thickness > @)
AT (@, @, @) RELATIVE Sample_rot
EXTEND %{
flag_env += SCATTERED;
%}

/* sample container *x/ B
COMPONENT Container_in=Isotropic_Sqw(
xwidth = sample_width+le—4+container_thickness,
zdepth sample_thickness+le-4+container_thickness,
yheight = sample_height, thickness=container_thickness,
Sqw_coh=container, concentric=1, verbose=@, order=1, d_phi=2%RAD2DEGxatan2(1, LSD)|
) WHEN(container_thickness > @)
AT (0, @, @) RELATIVE Sample_rot
EXTEND
%{
flag_env += SCATTERED;
%}

o

COMPONENT SampleS=Isotropic_Sqw(
xwidth = sample_width, zdepth=sample_thickness, yheight = sample_height,
Sqw_coh= sample_coh, Sgw_inc= sample_inc, p_interact=0.9,
d_phi=2%RAD2DEG*atan2(1, LSD), order=1)

WHEN (flag_sample_choice == 1)

AT (0, @, @) RELATIVE Sample_rot

EXTEND

%{
flag_sample += SCATTERED;

%}

COMPONENT SampleV=Incoherent(xwidth = sample_width, zdepth=sample_thickness, yheight = sample_hei
focus_ah = 2xRAD2DEGkatan2(1, LSD), focus_aw=150.0)

WHEN (flag_sample_choice == 2)

AT (0, @, @) RELATIVE Sample_rot

EXTEND

9%{
flag_sample += SCATTERED;

%}

z/[m]

COMPONENT Container_out=COPY(Container_in) (concentric=0) B 4 ‘“© . gy -

WHEN (container_thickness > @) Concentr’c geometrles

AT (@, 0, @) RELATIVE Sample_rot

EXTEND /

%{ P
flag_env += SCATTERED; 3

%} p) |

A

/* external shield %/
COMPONENT Environment_out=COPY(Environment_in) (concentric=0) A J
WHEN (environment_thickness > @)
AT (@, @, @) RELATIVE Sample_rot
EXTEND %{

flag_env += SCATTERED;
%l
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/* external shield */
COMPONENT Environment_in=Isotropic_Sqw(
radius = environment_radius, yheight = 0.1, thickness=environment_thickness,
Sqw_coh=environment, concentric=1, verbose=@, order=1, d_phi=2%RAD2DEG*atan2(1, LSD)
) WHEN (environment_thickness > @)
AT (@, @, @) RELATIVE Sample_rot
EXTEND %{
flag_env += SCATTERED;
%}

/* sample container *x/

COMPONENT Container_in=Isotropic_Sqw(
xwidth = sample_width+le—4+container_thickness,
zdepth sample_thickness+le-4+container_thickness,
yheight = sample_height, thickness=container_thickness,
Sqw_coh=container, concentric=1, verbose=@, order=1, d_phi=2%RAD2DEGxatan2(1, LSDH
) WHEN(container_thickness > @)

AT (0, @, @) RELATIVE Sample_rot

EXTEND

%{
flag_env += SCATTERED;

%}

o

COMPONENT SampleS=Isotropic_Sqw(
xwidth = sample_width, zdepth=sample_thickness, yheight = sample_height,
Sqw_coh= sample_coh, Sgw_inc= sample_inc, p_interact=0.9,
d_phi=2%RAD2DEG*atan2(1, LSD), order=1)

WHEN (flag_sample_choice == 1)

AT (0, @, @) RELATIVE Sample_rot
EXTEND
%{
flag_sample += SCATTERED;
%}

COMPONENT SampleV=Incoherent(xwidth = sample_width, zdepth=sample_thickness, yheight = sample_hei
focus_ah = 2xRAD2DEGkatan2(1, LSD), focus_aw=150.0)
WHEN (flag_sample_choice == 2)

AT (0, @, @) RELATIVE Sample_rot
EXTEND
%{
flag_sample += SCATTERED;
%}

COMPONENT Container_out=COPY(Container_in) (concentric=0)
WHEN(container_thickness > @)
AT (@, 0, @) RELATIVE Sample_rot
EXTEND
9%q{
flag_env += SCATTERED;
%5}

/* external shield %/
COMPONENT Environment_out=COPY(Environment_in) (concentric=0)
WHEN (environment_thickness > @)
AT (@, @, @) RELATIVE Sample_rot
EXTEND %{
flag_env += SCATTERED;
%l
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/* external shield */
COMPONENT Environment_in=Isotropic_Sqw(

radius = environment_radius, yheight = 0.1, thickness=environment_thickness,

Sqw_coh=environment, concentric=1, verbose=0, order=1, d_phi=2%RAD2DEGxatan2(1, LSD) lﬂ\

) WHEN (environment_thickness > @)
AT (@, @, @) RELATIVE Sample_rot

EXTEND %{
flag_env += SCATTERED;
%}

/* sample container *x/ E3

COMPONENT Container_in=Isotropic_Sqw(
xwidth = sample_width+le—4+container_thickness,

zdepth = sample_thickness+le-4+container_thickness,
yheight = sample_height, thickness=container_thickness,
Sqw_coh=container, concentric=1, verbose=0, order=1, d_phi=2xRAD2DEG*atan2(1, LSDH
) WHEN(container_thickness > @)
AT (0, @, @) RELATIVE Sample_rot
EXTEND

:flmﬁam,\limitations:
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Isotropic Sqw (concentric arrangement)
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EXTEND %{
flag_env += SCATTERED;
%l
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'a Virtual experiments in a nutshell : simulating neutron scattering from
o 80 = 80 materials within instruments with McStas.
i : 2
. P E. Farhi*, P. Willendrup
i — = ; ;
— 1 Institut Laue Langevin, BP 156, 38042 Grenoble Cedex 9, France
| v - 2 Ris@ National Laboratory, Frederiksborgvej 399 P.O. Box 49 DK-4000 Roskilde
H - -—
5% e {
[
‘J c - ( 6 0 Abstract. We introduce Monte-Carlo methods for neutron scattering with step-by-step examples, using
the McStas simulation tool. A selection of neutron instrument components are presented, as well as
available sample scattering kernels. All these parts are assembled into more advanced instrument models 1

in order to produce so-called virtual experiments, that is simulations which produce results comparable
with experiments. Ways to couple such simulations with other simulation software including molecular
dynamics are discussed.

|
1 40t 40 . . !
<0r <0
‘ z/[m]
1 . . A | — 0.02 1.02
4 45 S 4 45 S 55

? TOF[s] " TOF[s]

| 'tries,,r:fgé" §~
Figure 22. The time-of-flight/angle signal acquired from the liquid spectrometer with | :

sample environment model. The total signal from liquid rubidium in a Nb container and |
Al external shicld is shown on the left, whereas the sample-only contribution is shown on ‘
vhe right. Intensity is shown in log scale, with colors ranging from blue (low) to red
‘high).
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- Sample holders with
complicated geometry

- Many different materials
- Inside sample environment
- Co aligned crystals

- Twinned crystals

69 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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Geometry Physics |

S
e

Nickel

Single crystal Bragg <

WL Rn

Excitation

'/ O SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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- Each geometry is assigned a material
definition and a priority

- Priority decides which material is
simulated in regions where several
overlap

- This can be used to construct
complex geometries with a range of
materials

'/ 1 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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unit_cell_volume in [A3]

COMPONENT Al _incoherent = Incoherent_process(
sigma=4*0.0082,packing_factor=1,
unit_cell volume=66.4)
AT (0,0,0) ABSOL'UTE/
COMPONENT Al _powder = Powder_process(
reflections="Al.laz")
AT (0,0,0) ABSOLUTE

COMPONENT Al = Union_make_material(
my_absorption=100*4*0.231/66.4,

process_string="Al_incoherent,Al_powder”)
AT (0,0,0) ABSOLUTE

my [1/m] = cross section per unit cell / unit cell volume OTu 7

i
7 2 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU | +=
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unit_cell_volume in [A3]

COMPONENT Al _incoherent = Incoh
Al _incoherent
sigma=4*0.0082,packing_factor=1,
unit_cell volume=66.4)
AT (0,0,0) ABSOLUTE

Al _powder

COMPONENT Al _powder = Powder_process(
reflections="Al.laz")
AT (0,0,0) ABSOLUTE

COMPONENT Al = Union_make_material(
my_absorption=100*4*0.231/66.4,
process_string="Al_incoherent,Al_powder”)

AT (0,0,0) ABSOLUTE

my [1/m] = cross section per unit cell / unit cell volume

) )
EEEEEEEEE

'/ 3 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU — =
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Uses our Al definition!

COMPONENT cryostat_shell = Union_cylinder( e T
radius_input=0.15,height_input=0.4, Ay &
priority_input=10,material_string="Al")

AT (0,0.0,0) RELATIVE target

ROTATED (0,0,0) RELATIVE target Uses default mater

COMPONENT cryostat_vacuum = Union_cylinder(
radius_input=0.147,height_input=0.4,
priority_input=11,material_string="Vacuum")

AT (0,0.0,0) RELATIVE target

ROTATED (0,0,0) RELATIVE target

Does not do any simulation what so ever

'/ 4 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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COMPONENT cryostat_shell = Union_cylinder( | g

radius_input=0.15,height_input=0.4,

priority _input=10,material_string="Al")
AT (0,0.0,0) RELATIVE target
ROTATED (0,0,0) RELATIVE target

COMPONENT cryostat_vacuum = Union_cylinder(
radius_input=0.147,height_input=0.4,
priority_input=11,material_string="Vacuum")

AT (0,0.0,0) RELATIVE target

ROTATED (0,0,0) RELATIVE target

COMPONENT cryostat = Union_master()
AT (0,0,0) RELATIVE target
ROTATED (0,0,0) RELATIVE target

The Union_master
does the simulation

/5 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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Materials Volumes
Processes Masters

cryostat_vacu
um

.....................

Al_incoherent cryostat_wall S

Al_powder sample_hold
- erl

sample_hold ™G
er2 :
Cu_incoherent
magnet_Coil " Su——
Cu_powder 1 =

DTU C/// \§\ EUROPEAN

i )| | SPALLATION
) )
- ./ SouRcE

'/ © SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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McStas

0-

- Only the Union_master
component affects the McStas

simulation

Simulated 3D space
Instrument file

VAR YAV, } i

/;; =%
01U (o) s
\ //// SOURCE

'/ SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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McStas

0-

- Only the Union_master
component affects the McStas

slijﬂul tion

- The Union_master
component uses a network
for propagation

Simulated 3D space

Instrument file

/8 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU

DTU qu//::\x\\ EUROPEAN
== €55
-—
-—— \T.‘%’?/




McStas

o section 6/8

School of Neutron Scattering

Union In instrument file Francesco Paolo Ricel

McStas

0-

- Only the Union_master
component affects the McStas

slijﬂul tion

- The Union_master
component uses a network
for propagation

- Analysis prior to simulation
reduces the network Simulated 3D space
Complexity Instrument file

79 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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Replicated from picture

Easily assembled using
Union components in
McStas

Material definitions
made for sample /
Aluminium

Al absorption
exaggerated
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- Loggers can provide
Insight to what occurred
during a simulation

- Here scattered intensity
viewed from above the
cryostat
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- Loggers can provide

Insight to what occurred
during a simulation

- Here scattered intensity
viewed from above the
cryostat

20 -10 0 10 20 20 -10 0 10 20 20 -10 0 10 20
2z [cm] 2 [cm] 2z [cm]
2 ess EEEEEEEEE
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- Loggers can provide
Insight to what occurred
during a simulation

- Here the scattering vector
projected onto the
scattering plane
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- Loggers can provide

Insight to what occurred
during a simulation

- Here the scattering vector
projected onto the

scattering plane
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- Conditionals modify
loggers so that only rays
with correct final state is
recorded

- Here scattering
contributing to a certain
background event is
shown
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- Conditionals modify
loggers so that only rays
with correct final state is
recorded

- Here scattering
contributing to a certain
background event is
shown
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- Conditionals modify
loggers so that only rays
with correct final state is
recorded

- Here scattering
contributing to a certain
background event is
shown
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- Conditionals modify
loggers so that only rays
with correct final state is
recorded

- Here scattering
contributing to a certain
background event is
shown %

10Fons 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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McStas
School of Neutron Scattering

-
MACS I nStru ment Si m u Ia.tion Francesco Paolo Ricci

—

Monochromator
position
Beamstop

Moderator

Reactor

Sample
environment

Kidney
o

Image from NIST webpage
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n \ / SOURCE
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‘o -
. . School of Neut Scatteri
MACS Instrument simulation e o i

—
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McStas section 6/8

-

School of Neutron Scattering

MACS I nStru ment Si m u Ia.tion Francesco Paolo Ricci

I ———————————————————————————————
- CAD model of instrument

backend
- More than 600 geometries

- 2 Union_master
components

DTU /// \\ EUROPEAN

\ | seaLLaTION
-— \\ ./ SOURcE
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McStas

‘a_.
MACS

- Air scattering around
cryostat

- Initial and final energy:
5 meV

1O /BONS 2018 Erice, Instrumentation and simulation - Peter Willendrup ~ Slide courtesy of Mads Bertelsen, KU
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School of Neutron Scattering
Francesco Paolo Ricci

e

~~~~~
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Scattered intensity, logyg
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f”as“f section 6/8 @)

School of Neutron Scattering PR /

MACS Francesco Paolo Ricci Sb:NS

- Air scattering around i -

cryostat 1200 0V L1

i
. . . \ X i |71 ‘i /"’:
- Initial and final energy: 100} | ' | SENONay 4 D il IV
5 mev A i ; i ::.n; 2 7 4

Scattered intensity, logy

-10
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XN
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SPALLATION
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McStas

o section 6/8
MACS Results School of Neutron Scattering FS
I ———————————————————————
Measurement Simulation

ho00]
Many similarities
Features missing in simulation (e.g. SANS)
Some structures “exaggerated” in simulation
Phonon-scattering not yet included, may account “smeared” background

=
—
—

7~ "\ EUROPEAN
%‘s‘ | spaLLaTION
\\r %7/ source
St

H
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McStas section 7/8

0 : School of Neutron Scattering
Important points to remember

—

1. Your simulation will only contain elements you
provided / defined ——

2. ... to the precision you defined

3. Answers the guestions you posed

110 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup




McStas

o section 7/8 @
School of Neutron Scattering (;))
«Simulation to experiment comparison

Francesco Paolo Ricci S\:N S

+ What is really the information content...?

+McStas sources generally provide “intensity”
in units of neutrons/s (into a chosen solid
angle)

+ That intensity is carried through the WA
instrument on a discrete set of "neutron rays', e

—p-
1171 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup -—




McStas

Q- . section_7/8 @»
In a histogram sense e B

—

+Imagine a histogram, e.qg. I(A)

123 i K

In bin i, N events each
carrying a fractional
intensity p;j so that

I=ij
N

our statistical error bar E

112 SONS 2018 Erice, Instrumentation and simulation - Peter Willendrup
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section 7/8
" ~ L N~ School of Neutron Scatterina IR
In a histogrargs

+Imagine a histog

123 i K

In bin i, N events each
carrying a fractional
intensity p;j so that

I = Z Dj o e
N

Wavelength [A4]

+ The RMS variance over that set becom
our statistical error bar E

EEEEEEEE

SSSSSS
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flésmj section 7/8 @)

From "Virtual experiments - the ultimate aim of neutron ray-tracing SoNS
simulations”, K. Lefmann et al., Journal of Neutron Research 16, 97-111 (2008)

-

Let n be the number of neutron rays reaching the detector, and let the rays have (different)
weights, w;. The simulated intensity is then given by

(1)

The estimate of the error on this number 1s calculated in the McStas manual [1], and the
standard deviation is approximated by

o) = Z w2, 2)
i=1

In real experiments, w; = 1, whence we reach I = n and o(I) = VI as expected (for counts
exceeding 10). Let the virtual time be denoted by ¢. The simulated counts during this time

becomes

3)

. The RMS variance over that set becomes oufi
statistical error bar E 7o

\\ \ EUROPEAN
)| | SPALLATION
// SOURCE
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McStas section 7/8

o-

From "Virtual experiments - the ultimate aim of neutron ray-tracing
simulations", K. Lefmann et al., Journal of Neutron Research 16, 97-111 (2008)

-

and its error bar estimate is
a?(C) = t20%(1). (4)
However, to simulate a realistic counting statistics, we must fulfill

ove(Cve) = v/ CvE. (3)

This is obtained by adding to (3) a Gaussian noise E(Z) of mean value zero and standard
deviation 2

Cvg = tI + EC). (6)
The standard deviation for the VE becomes
02 (C) = 202 + 37 (7)
Now, the requirement (5) allows us to determine .
32 =1 — 202D (8)

Since 3% must remain positive, we reach an upper limit on ¢

9)

\\ \ EUROPEAN
)| | SPALLATION
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McsStas section 7/8
Sketch of an algorithm... Sveeremn e i
e ———————————————————————
1. On a given McStas histogram

2. For the non-zero bins, calculate
I
Imax = 0_2(1) :

3. The smallest 'max defines the “"maximal
counting time” allowed by your statistics

4. Preferably a "background” should be added =3

use a "known experimental value” or an
estimate, be it back of envelope or from
e.g. MCNP...

EIH (78N aporen
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McStas Final section 8/8
‘o .. (@)
Still interested? e pacts i) 128

Overview of web resources for McStas
Get the code, report bugs etc.

McStas website
*  McStas mailinglist subscription (Please enrol!)
*  McStas Facebook page (Please follow us!)
*  McStas downloads
¢ McStastMcXtrace GitHub
*  McStas+McXtrace issues + bug reporting

Neutron scattering + McStas e-learning
» e-neutrons website (free enrolment)

Tutorials, howto's, docs
e How McStas works - in 2 minutes
e Tutorial: Build a SANS
»  Tutorial: Build a diffractometer (outdated in certain parts)
e ‘“Virtual experiments in a nutshell” (JDN 2010)
e McStas user manual - Better use mcdoc -m in the terminal! >
e McStas component manual - Better use mcdoc -c in the terminal!
e McStas component docs - Better use mcdoc in the terminal!
*  McStas sample model functionality matrix (not fully up to date)
McStas and McXtrace GitHub wiki - tutorials, guides and more

ESS specific McStas docs

McStas space on ESS confluence
*  Running McStas on the ESS DMSC cluster - plus general DMSC cluster info
e MCPL input to describe the ESS source

* 'Benchmarking' website for the ESS_butterfly component

Material from schools
*  Material from ESS DMSC McStas workshop June 2018
»  Website and materials from a 3-day STFC event (including public Dropbox link to presentations etc.)
e Website and materials from a 3-day ESS event (including public Dropbox link to presentations etc.)
»  Website and materials from a 2-day NOBUGS event (including public Dropbox link to presentations etc.)
e Dropbox with materials from a 5-day event in Bariloche, Argentina

HULS(HEHERINSIITUI’ '"

'- — HEUTRGNS
FOR SCIENCE

\ "\ EUROPEAN
| | sPALLATION

\ "\ EUROPEAN
| SPALLATION
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http://www.mcstas.org/
http://www.mcstas.org/list
https://www.facebook.com/McStas/
http://download.mcstas.org/
https://github.com/McStasMcXtrace/McCode
https://github.com/McStasMcXtrace/McCode/issues
https://www.e-neutrons.org/
https://www.e-neutrons.org/
https://www.e-neutrons.org/
https://github.com/McStasMcXtrace/McCode/wiki/How-McStas-McXtrace-works-overview
https://github.com/McStasMcXtrace/McCode/wiki/How-McStas-McXtrace-works-overview
https://github.com/McStasMcXtrace/McCode/wiki/How-McStas-McXtrace-works-overview
https://github.com/McStasMcXtrace/McCode/wiki/How-McStas-McXtrace-works-overview
https://github.com/McStasMcXtrace/McCode/wiki/McStas-tutorial:-simplified-SANS-instrument
http://mcstas.org/documentation/tutorial/
https://www.dropbox.com/s/nuupj039p45gj1i/JDN-18.pdf?dl=1
http://mcstas.org/download/components/doc/manuals/mcstas-manual.pdf
http://mcstas.org/download/components/doc/manuals/mcstas-components.pdf
http://mcstas.org/download/components/
https://confluence.esss.lu.se/display/MCSTAS/McStas+sample+model+functionality-matrix
https://github.com/McStasMcXtrace/McCode/wiki
https://github.com/McStasMcXtrace/McCode/wiki
https://github.com/McStasMcXtrace/McCode/wiki
https://github.com/McStasMcXtrace/McCode/wiki
https://confluence.esss.lu.se/display/MCSTAS/McStas+SPACE
https://confluence.esss.lu.se/display/MCSTAS/McStas+on+the+ESS+cluster
https://confluence.esss.lu.se/display/DCC/DMSC+computing+cluster
https://confluence.esss.lu.se/display/MCSTAS/Using+MCPL+as+source+term+in+McStas
http://ess_butterfly.mcstas.org/
https://www.dropbox.com/sh/shtglw5nczpazch/AABtmqOyCGatk2UiZYkFBpVEa?dl=0
http://april2017.mcstas.org/
http://april2017.mcstas.org/
http://april2017.mcstas.org/
http://ess2016.mcstas.org/
http://ess2016.mcstas.org/
http://ess2016.mcstas.org/
http://nobugs2016.mcstas.org/
http://nobugs2016.mcstas.org/
http://nobugs2016.mcstas.org/
https://www.dropbox.com/sh/jc3y8x5jroia8sz/AADYciSzw1UorMZaCzHs2M5ja?dl=0
https://www.dropbox.com/sh/jc3y8x5jroia8sz/AADYciSzw1UorMZaCzHs2M5ja?dl=0
https://www.dropbox.com/sh/jc3y8x5jroia8sz/AADYciSzw1UorMZaCzHs2M5ja?dl=0
https://www.dropbox.com/sh/jc3y8x5jroia8sz/AADYciSzw1UorMZaCzHs2M5ja?dl=0

McStas

Overview of web resources for McS

Still interested

Get the code, report bugs etc.

McStas website

McStas mailinglist subscription (Please enrol!)
McStas Facebook page (Please follow us!)
McStas downloads

McStas+McXtrace GitHub

McStas+McXtrace issues + bug reporting

Neutron scattering + McStas e-learning

Tutorials, howto's, docs

e-neutrons website (free enrolment)

How McStas works - in 2 minutes
Tutorial: Build a SANS

Tutorial: Build a diffractometer (outdated in certain parts)
“Virtual experiments in a nutshell” (JDN 2010)

McStas user manual - Better use mcdoc -m in the terminal!
McStas component manual - Better use mcdoc -c in the terminal!
McStas component docs - Better use mcdoc in the terminal!
McStas sample model functionality matrix (not fully up to date)
McStas and McXtrace GitHub wiki - tutorials, guides and more

ESS specific McStas docs

McStas space on ESS confluence
Running McStas on the ESS DMSC cluster - plus general DMSC clust

?

e-neutrons

« 308

L-neutrons

Courses

ABOUT E-NEUTRONS FOR TEACHERS GET AN ACCOUNT,
TIPS, SUPPORT

Introduction to Neutron
Scattering
High guidance seif study

Open courwe for blended
leaning

Muon Spin Spectroscopy
A course on a complementary
technique to neutron scattering

https://www.e-neutrons.org

Finding crystal
structure
Chemistry of

Characterising

materialy }
\
\
\

"
5 liposomes In e f“ ’

suspension - 1

Life wiences f k / }
INTRODUCTION TO NEUTRON | \ \ _,/
SCATTERING - SELF STUDY . Characterising
This course contains 10 high-guidance €"  magnetic order CRYSTAL STRUCTURE

Magnetic and

Try module "Diffraction from crystailin
materials® in course “Introduction to

modules on master-level physics.

electronic phenomena
Fach module takes approximately 10-20h

to complete Neutron Scattering’
. Characterising “
=Y atomic lattike m
READ MORE O
- vibrations

Energy research

Exercise taster

MCPL input to describe the ESS source

Benchmarking' website for the ESS_butterfly component

Material from schools

Material from ESS DMSC McStas workshop June 2018
Website and materials from a 3-day STFC event (including public Dro

Website and materials from a 3-day ESS event (including public Drop}

Website and materials from a 2-day NOBUGS event (including public

FOURIER TRANSFORM

Dropbox with materials from a 5-day event in Bariloche, Argentina
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from & string of particles?
Test yourself here!

Beter Willendrup

- Do you know what the scattering intensity is

Quiz taster Simulation taster

NEUTRON PROPERTIES
Do you know what nevtrons afe good for and
whiy? Tes: yourself here &

1 This project is funded by the European
Union (H2020 GA no. 654000)
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