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m . /_E CepmetiinelferSeieres
. Introducing t_he Neutl_'on :

FOR SUENG INEEeEREE = o A S o
Electrically Neutral

penetrate deeply into matter — non destructive ;
can not be handled with E/B fields.

Microscopically Magnetic (polarized neutron beams)
they possess a magnetic dipole moment ,
spin is sensitive to B fields, thus can do NMR-like studies.

Angstrom wavelengths
neutron wavelengths range from 0.1 A to 1000 A4 ;
well suited for studying atomic/molecular structure.

Energies of milli-electronvolts (1 pueV - 1eV)
same magnitude as most motions in solids and liquids ;
suited to studying phonons and magnons.

Randomly sensitive (cross sections)
well suited to distinguish light atoms (CNOH) and isotopes
within materials.

A fancy neutron
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MEUTRONS
FOR SCENCE St S

m (AT Cemedinielior Selerie
Usage of neutrons: 1nstruments Ior rsu_‘

About 5000 users in Europe
in Physics, Chemistry, Biology, and Nuclear Physics

14 neutron facilities — 250 instruments in Europe
within which ILL (started 1971) is the world's most intense. B
Neutrons generated in nuclear reactors (ILL, Munich, LLB)
and spallation sources (accelerator based, ISIS, PSI)

Complementary with X-rays
not sensitive to the same features, but same wavelength range

Used to measure structure and dynamics of materials

ddiffractometers (powders, liquids, crystals) - structure

@1inelastic scattering spectrometers (powders, liquids, crystals) - dynamics
#small angle machines for large scale structures (polymers, colloids, gels)
@#magnetic materials structure and dynamics using polarized neutrons (spin)

dnuclear and fundamental physics with neutrons (fission, neutron properties, )
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- CerneLirieffer Seierice
i Basics of neutron scattering _
ST A e S =

NEUTRONS = e
OR SCENCE S R S Sl v =

Neutrons interact with matter ... Material
>Q o D
@ SN 20
it y \
0 w K E
K =K + (d=21/0Q)
Selections rules S 0

EF=F+w
f i

Bragg's law (diffraction on structure — atoms separated by distance d)
A=2m/K.=2dsin0

Scattering law (intensity per solid angle and energy, dynamics)

dZO' _ O Kf
dQdE, 4m g, 510

1

Dynamical structure factor S(Q, @) 1s characteristic for each material
Reflects ordering of matter (atom/molecule positions — movements - domains)

E. Farhi — EIROforum 1* school Instrumentation — Neutron instrument simulations - 4



m o /_E CepmetiinelferSeieres
s Interaction processes :

Elastic scattering: no energy exchange with matter
o = 0, [Ki|=|K{]
Ruled by the Bragg's law — structure ~ S( Q)=f S(O,w)dw

Inelastic scattering: energy exchange with matter

Neutron can gain or loose energy with 1s transfered to matter
Couples e.g. to matter dynamics (phonons, magnons, ...)

Coherent scattering: atoms/molecules in matter vibrates coherently
e.g. Structure (elastic), sound waves, spin waves, ...

Incoherent scattering: atoms/molecules have random processes in matter.
¢.g. Isotopes, defects, heat diffusion, ...
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N‘:ummons Example of materials: powder an, id..,
FOR SCIEMNCE _'_-:_; Y T r.. nh = . a‘ “=5 e

Rubidium powder DMC @PS11=0.7 Angs .o Lquid Rubidium: structure
Structure o
3 L
S(Q) = 11 R T o T PR - o
% B0L T 1 g “r
Elastic scattering =~ & ’ 1'5’
(diffractometer) — ‘ID,_-.\.\, ....... . ............................ I
(R ;1; 4
20 a0 a0 G0 70 .
Longitude [deg] ' 5 : : 10
Q [AA-1]
|
Structure peaks
Dynamics (atom/molecule spacing) 30 L’qmd Ti?dmm dymamics S(QW)
5(0,0) H
Inelastic scattering Pho.nons
(time-of-flight) (atom/molecule motions)
0
0 g 4 g 10
0 [AA-1]
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Wh 81mulate neutron 1nstruments ‘
NETRON y e e RS z

Help instrument responsibles

@dinstrument optimization and design

Help scientists

@#plan experiments (for proposal application: is the experiment feasible ?)
Jguide experiments (during beam time allocation: optimize beam usage)
@help understand results and analyze data (after experiment: what is this ?)

How to proceed ?
@Install a Monte Carlo simulation software for neutron instrumentation
simulation: McStas, VitESS, NISP, ResTrax
@Collect information about instrument geometry and configuration
@Collect information about the sample/measurement to be performed
@Use existing instrument model/template and customize 1t
or write model from scratch McStas
@Launch simulation
@Compare with what you (think) know/measure
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Presentation of McStas :

R SO S e e R Sy v, =
McStas

0=

Flexible, general simulation utility for neutron scattering experiments.

Original design for Monte Carlo Simulation of friple axis spectrometers. h%

Developed at RISO and ILL (started 1998).
Mainly funded by EU (FP 4-7): 2.5+1 people full time, plus projects.
Open source, GPL2. Works on all systems, binaries for Linux, Win$, MacOSX

Most widely used code 1n its ecological niche (compared to other similar codes)..

Probably a few hundred users worldwide (160 registered)
some contributors (community based).
Has been used to model most existing and future
neutron scattering instruments.

mcstas-users@mcstas.org mailing list
<WWW-mCStaS-OTg> mcstas-support@mcstas.org developer contact
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‘" Main capabilities of McStas aha L
= A e P &

{1 Ceqpieliire)icr Seizrics

McStas requires an instrument description (text)
Many instrument examples are given with

the software, covering all instrument
classes (TOF, TAS, SANS, DIF, ...).

- Eit PSITDMENStT = rEn ) =
File Edit Search WView Insert

DEFINE INSTRUMENT PSI DMG(lambda = 2.5666, R = 0.87, R_curwve = 0. 87,

Parameters

|_Hl_

TR&CE

COMPOMENT source_arm = Progress_bar ()
AT (0, 0, 0) ABSOLUTIE

COMPOMENT source = Source Masmrell 3
vheight=0. 156, width=0 126,
Lmin=lambda- ldlfffE Lmarx=lambda+1diff /&,
dist=1.5, focus xw = 0.02, focus vh = 0. 1%,
Ti=20&. 16, I1=5 GE11,
TE=40.68, IZ=5 ZE11)
AT (0.0,0) RELATIVE source_arm ROTATED (0, 0,0) REELATIVE source atm

COMPOMENT PSDbefore guides = PSD_monitor
rx = 128, ny = 128, filen=ame = "PSDhefore guides®,
xyidth = 0,02, vheight = 0. 12)

AT (0. 0, 1.49999) EELATIVE sSource arl f

= ' z

McStas creates an instrument executable
model for which configuration
parameters can be changed at will.
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F&# More about Z‘ichfi R s s r -
McStas 1s a compiler. It translates a clean instrument description
(using a dedicated grammar) into a flat C file, which 1s compiled
and executed.
Components used instruments are pieces of C code, with dedicated
grammar and function calls to ease programming.
Creating new instruments and components 1s damn easy.

PSI_Focus hMonochromator
Documentation: (double foc.)
#Extensive code documentation /
@#User and Component manuals, .
@#mailing list/forum, tutorial,
@50 instrument examples.

/]

M(cStas has built-in support for cluster

1 =~ Cryo-furnace

and grid computing. 74 and Sarmple
/]
Simulation = Source+guide+primary+sample+secondarym Radial Collimator
(oscillating)
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AL Camgtiinie]icrSeletics

=)
N‘ELWRIOHNS Source: Generating neutron events

FOR SCIEKE SN W . e e =

Neutron events may be currently generated from:
@A black body (Maxwellian distributions)
@Measured flux/divergence distributions

@MCNP and Tripoli (nuclear reactor simulation codes) event files

Other neutron generators are in principle easy to write
(e.g. from GEANT, FLUKA, ...

RO
top /
3

b /

side

@MQZ Au Qw:@\ﬂe ()215.11-0243000\
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NEUTRONS Guide systems: bring neutrons ml%m@ﬁti !

FOR SCIENCE By A R e

Guide systems are usually curved
to remove Y rays from the core.

McStas simulation D11@H15 guide
Source -

/ Lead shutter

H15 Curved guide
/ V.TE
Hﬂﬂﬂ@ / Straigth guide (IN6, D7)

D11 Velocity selector
Dolores

yi[m]

Here 1s a 3D view generated
from the H15 guide, feeding
the D11 instrument (polymers).

Sections: 3x20 cm, length 100 m

Velocity selector Movable guide

0.1 Dolores .
0 H
E 0.1 Sample position
>.02 |
0.3
61.5 Higge

Optimize:
@Guide shape (curvature, section)’
@Guide reflectivity (coating):

Ni, Tl 2/[m] 63 0.4

R=1 foro.~0.1 A

wol T T T 1
0 02040608

0.6 x{[m]
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MEUTRONS
FOR SCIEMCE

Cu, Ge, Si, C (graphite)
CuMnAl, CoFe (pol.)

Neutron optics: monochromatogs{%a‘r spect.)®
R SR S V- -

~AF %,

N S
JLIEI PSS EECE

i —

Monochromators are used to extract a
sharp neutron energy distribution from a white beam.
Rely on Bragg's law.

Use single crystal assembly, with focusing geometry.
Size: Typically 20x20 cm p P B

Monochromator curved

[ax]

0.054

Intensity

01

y/[m]

-0.05 {

2/[m]
x/[m]

Design and characterisation are eased using simulation,
Pintensity vs. curvature radius,

Jthickness of blades

Jrocking curve (reflectivity)

dscattering from the mechanics (generated background)
dchoice of crystals
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N‘Emnm Neutron optigs: choppers (p}‘_i{gg_l_'y g’g%gt)*‘w 5

FOR SCIEMNCE —

3 beams Fermi Chopper (example)
(monk.)

200 Al blades
(Gd absorber
Replaced with NiTi1

yiim

Rotation 10000 rpm

002, 04 -0.04 xI[ni]
z/[m]

File Sample_kx_1237308026.kx McStas 10 monitar
tp121362 <Sample_kx_1237308026=

Here, we change the Fermi chopper
coating to increase the flux at the
sample position.

PSD1 [PSD1.sim]
X0=-6.90216; dX=7.63337; Y0=-0.91963; dY=

DiSk Chonners 1=0.077593 Frr=0.000278555 N=7759
' Optional beamstop of width 6, ”Cv

ks [Angs-1]

Angle
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m . (AT Cernediiricffor Seierice
st Sample environments: hot/cold, magnets = :

FOR SCIENCE S = > . o .'“-.i%:.j'

Sample 1s usually studied at low or high temperatures. Cryostats and furnaces
Must not generate too much background (all materials in the beam scatter, not

only sample).. Coherent single

scattering
TOF E0=33 meV. Liquid Rb.

Cryostat: 4 Al shields e

yilm]

Question for you:
How to remove this
contribution ?

yi{rm]

=N}
[}
T .
[
o
=]
=
af
=]
Q
fas}

[t

T wm]
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e Sample environments: removing some backeround
FOR SCIENCE 3 _— . e e -&", .'I--_-:n_,_,_]:;,*‘- .

Cryostat: 4 Al shields

oty

I.i; 3

.

1
1
)
Longitu

Longitud

40

Energy [meV] - ) Energy [meV]

100

—=
w1
==af

==
==
—=
- =5
—  E
S
-

Longitude [deg]

1l'| ||II|H|| |

’

40

Energy [meV] 1120 22 Energy [meV]
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I,[,(:onti:ltlner
cry usrtr?éce : sin I(TeuljncI scatl
' single ¢
total
10
5.
0. eny,
S containér
cryfostat+roc g : . muItEsca 1.
urnace+roc .

With ROC, mainly remains
container. Physics becomes
visible.



f=:
‘" Neutron detectors S5
R SO SSUTE sk aee -y

Detector model for MWPC: visualize (p,t) charge drift.
Can study:

ddetector spatial resolution

Jdestimate detector saturation

@background generated from detector housing.

Detection area 1x1 cm, He 5 bars, CF4 1 bar.

>
———

o~

n X position [cm]

|

0 0.2

Resolution 0.4 cm
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m I 1 oS AT Cemeliiielfer Sielenics
Virtual experiment: definition

o S - IS U,
Virtual experiment = simulation of sample + simulation of instrument
Inter-atomic l:'()égfgrgteely;s
Molecular potential u(r)
Dynamics > .
F==Vu(F)=my nMoldyn —*
R, v »5(Q,0)
o Pseudo-potential
Ab-initio
(VASP)

This step is done prior to the virtual experiment.
Computationally intensive (e.g. Use clusters).

McStas provides a few sample S(Q,w).
Materials I'm working on: Rb, Au, Al, Bi1, Hg, In, Pb, Se, S1, Ti, Tl
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AL Camgtiinie]icrSeletics

Virtual experiment: /-Rb

PDEIELESEN'E LS~ i#‘ : "!3_"‘.1“:5“! . ' MD Isi_mulation
Experiments: Copley (PRA 1974) TOF and TAS E
Simulation: 520 atoms in classical MD for 50 ps 2.
T=315 K, ¢=1300 m/s, D=0.23 A*/ps | R
Comparison with raw results (to avoid data analysis bias) . "
0 1 2 q[An:;s—ﬂ 4 5 [

E0=4 meV

0=36.6
i
||
800 |
|
600 (1
400 ﬁ ‘Il,gﬂ
200 *g( | |
0 )Sog-g-ﬁ _ - ‘-\J' plig'). _
-1 -05 0 05 1
=60
Il
10000 [l
4
5000 'K:é
5o
f(‘ |
¥

|"| 5000 3 |‘|
1500 i |
[\ [l 000 LT 10000
| Jr | [l
1000 g@;@.‘ k00O
? R . ;@
% b000 i 5000
500 5\ 000 £ |
. %w wwg Wmag %ﬁxw
-1 =05 0 05 1 04 02 0 02 04 —04 -02 0 0.2 04
v]
$=68.7 =517 ¢=51 8°
2000 k1 P=00 Wi 2500 fi
o | 95' | | '.Ix
1500 J? | PO0O ){ '. 2000 x' Ix
15 500 b k 1500 7
L [
1000 f" & Pk 5 '-Ix
& X 000 LI 1000 x .
=00 s %}k 500 : ¥ 500 %
W |
- B
ey . o Lo o o S oo N ‘y@
-1 =05 0 05 1 04 -02 0 02 04 —04 -0.2 0 02 04
$=102.6" p=74° 4=96"
i 1500 total
( total 500 % .
1000 o | — — — multi. scatt. éf y i multi. scatt.
K o .
K’,‘f?g(* — - —container k04 i %{ 1000 5 v container
T x { .
500 g\/ % % experiment B(: %‘ g \ﬁ ¥ experiment
ﬂ%;b 500 X 500 ¥ %
0 e . %a_. 0 j %_ 0 ,@f A j\%‘%m
-1 05 0 05 1 —n 4 -0.2 02 04 -0.5 0 0.5

E0=33 meV

$=29.4"

p=41.7"

time [ms] - E =33 meV
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Structure: OK

Dynamics vs raw

experimental results:

OK

with container and
multiple scattering.

Parameters:
HybridTOF geometry
CP5 reactor power
Kahl 2-body potential
r=1.3 A value for Rb



m 1 Ceongliire)for Seiemics
Example: liquid rubidium :
T e . o e

COMPONENT Sample=Isotropic_Sqw(

radius o = 0.01, yheight = 0.055,

Sqw_coh="Rb lig coh.sqw”, Sqw _inc="Rb lig inc.sqw”)
AT (0,0, 0) RELATIVE Sample pos

COMPONENT Sa e=Isotropic Sqw ()

TOF EOZS meV. [-Rb 1000 AT 1.5 m RELATIVE Source

x 10 COMPONENT Collimator radial
COMPONENT MonitorTotal WHEN SCATTERED

ganp COMPONENT MonitorCoh WHEN coherent
COMPONENT MonitorInc WHEN incoherent
COMPONENT MonitorMulti WHEN SCATTERED>1

o0 o

1400 McStas code (schematic)

200 We can separate contributions

from each part of the simulation
0 (not possible 1n real life)

8 [deg] -200 O time [p sec]
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= 1 Ceongliire)for Seiemics
L Example: liquid indiu

FOR SOENGE L e b ;*g"?' . - -
. levitation
Indium: Gabs=193 b: Gscatt:2°6 b furnace+laser
very few previous studies ¢=2 mm
Experiment performed on IN22@ILL TAS no container
a 'virtual vs real experiment'
Simulation: ab-initio using VASP, 200 atoms for 36 ps simulation with
absolute flux

ILL_HZ5_IMNZZ2

Y]

-1.5 X.-’[m]
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,ﬁ,ﬁ Example: liquid indium

S o i
FOR SOENCE PR o e S0

AL Camgtiinie]icrSeletics

Hed3H_I: File mestas.dat MeStas Scan outpu

me[ldbDancatas:-

0.03 ,," B4C IlOZZlC
% 0.024 PR T ﬁ_g Xtal () V4
0014 :

0
10
EM [met] 10 2 1 g _‘
QTA™] %

IN22@ILL 1 week

Simulation: 1 day

Not yet perfect: simulations of B4C nozzle must be improved.
Virtual sample may be slightly crystallized.
Main features and absolute intensity reproduced.

Without simulation, the experiment would have been a failure.
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NEUTRONS
FOR SCIENCE

Cortoon Songs From

{ELODIES & | OONEY.g
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