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“Introduction to small-angle neutron scattering (SANS)”
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m Introduction to small-angle neutron scattering (SANS)
This topic introduces small angle neutron scattering (SANS), which is a technique used to provide information on the size and shape of
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Badges

Competencies

Grades

Welcome to the world
of neutron scattering

Basics of neutron
scattering

Neutron sources and
instrumentation

Introduction to small-
angle neutron
scattering (SANS)

Introduction to neutron
reflectivity

Introduction to
diffraction from
crystalline materials

particles on length scales from ~1 nm to ~1000 nm.

This module is estimated to take 7-8 hours including reading and exercises.

Prerequisites: You will need to have completed Basics of neutron scattering (first topic) before engaging with the
activities of this topic. Also, you will need to know about mathematical plotting and fitting to complete this topic.

| Learning goals
Take some time to read them. Afterwards, new activities will pop up.

B Sides: SANS theory
5.3MB PDF document

An introduction to Small Angle Neutron Scattering theory by Kell Mortensen, Niels Bohr Institute, University of
Copenhagen

@ | Reading: Neutron scattering cross section from nano-sized particles

Structure factor and form factor

@ | Wiki problem: The Fourier transform

One dimensional case

@ | Wiki problem: Form factor from spheres

@ | Wiki problem: Polydisperse spheres

ﬁ Simulation quiz: Small Angle Neutron Scattering

@ | Reading: Useful model - free approximations in SANS

SANS instrumentation



https://pan-learning.org/moodle/course/view.php?id=5#section-3
https://pan-learning.org/moodle/mod/quiz/view.php?id=98

- Simulation quiz: Small Angle Neutron Scattering

Click simulator link
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Introduction to neutron scattering

Dashboard / My courses | intro-ns / Introduction to small-angle neutron scattering (SANS)
| Simulation quiz: Small Angle Neutron Scattering

Simulation quiz: Small Angle Neutron Scattering

In this problem set you will use the live simulation of a small angle neutron scattering (SANS) experiment to investigate
scattering data.

The virtual instrument you will be using simulates scattering off of either spheres or spherical shells, and you will use your
knowledge later on in the course. However, for this particular problem set, you will only consider spheres.

After this problem set you should be able to

» differentiate between reciprocal and real space variables,

* analyse a SANS experiment using graphs, images and mathematical expressions,

® describe how and why raw SANS data is converted to other representations and

e use a simulation to analyse the effect of varying different parameters in a SANS experiment.

Before you proceed, open the simulation in a new tab or window: https://sim.e-neutrons.esss.dk/instrument/intro-
ns/SANSsimple/. Log in with your username and password.

Time limit: 7 days

Grading method: Highest grade

Attempt quiz now


https://pan-learning.org/moodle/mod/quiz/view.php?id=98
http://www.apple.com
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Show menu

—SANSsimple (click for documentation) Logged in as testytest (see recentsimrung) | Logout |
H.0 \]I‘ ] &i ’
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—Parameters for SANSsimple
pinhole_rad [m] : 0.004 radius of the collimating pinholes (0.004)
LC [m]: 3 length of the collimator - distance between pinholes (3)
LD [m] : 3 distance between the last pinhole slit and detector (3)
Lambda [AA] : 6  Average wavelength traced from source (6)
DLambda [AA] : 0.6 Wavelength band + /- traced from source (0.6)
R [AA] : 400 radius of the hard, monodisperse spheres in the sample (400)
dR [AA] : 0 Normal variance of Radius (0)
dbilayer [AA] : 35 Thickness of spherical shell, only relevant when SAMPLE==2 (35)
PHI[1]): 0.01 Volumefraction of the hard, monodisperse spheres in the sample (0.01)
Delta_Rho [fm/AAA3] : 06 \SI::::: :::::]; ::::f::::i:?:::od:?;_ig contrast of the hard, monodisperse spheres in the
Qmax [AAA-1] : 0.3 Maximum scattering vector allowed by geometry to hit the detector area (0.3)
BEAMSTOP [0/1] : 1 If set, the beamstop is inserted in front of the detector in order to block the transmitted beam (1)
SAMPLE [0/1/2] : ] When SAMPLE==0, n'o sample is used, SAyHE::l sample is composed of hard spheres, if
SAMPLE==2 sample is composed ofspherical shells. (1)
Sigma_a [barn] : 0 Absorption crossection of the sample (0)
—Runtime configuration
neutron rays: 1000000
simulation steps: 1
random seed: 0
gravity:
I —Start simulation run
Launch |
(' | ensure recalculation)

This project has received funding from the European Union’s Horizon 2020 |

A web-based interface for McStas and McXtrace.
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Show menu

- . X Logged in as testytest (see recent simruns) Logout |
—SANSsimple (click for documentation)

« Sketch of the instrument

This project has received funding from the European Union’s Horizon 2020 |

—Parameters for SANSsimple

pinhole_rad [m] : 0.004 radius of the collimating pinholes (0.004)

LC [m]: 3 length of the collimator - distance between pinholes (3)

LD [m] : 3 distance between the last pinhole slit and detector (3)

Lambda [AA] : 6  Average wavelength traced from source (6)

DLambda [AA] : 0.6 Wavelength band + /- traced from source (0.6)

R [AA] : 400 radius of the hard, monodisperse spheres in the sample (400)

dR [AA] : 0 Normal variance of Radius (0)

dbilayer [AA] : 35 Thickness of spherical shell, only relevant when SAMPLE==2 (35)

PHI[1]): 0.01 Volumefraction of the hard, monodisperse spheres in the sample (0.01)

Delta_Rho [fm/AAA3] : 06 \SI::::: :::::]; ::::f::::i:?:::od:?;_ig contrast of the hard, monodisperse spheres in the

Qmax [AAA-1] : 0.3 Maximum scattering vector allowed by geometry to hit the detector area (0.3)

BEAMSTOP [0/1] : 1 If set, the beamstop is inserted in front of the detector in order to block the transmitted beam (1)

SAMPLE [0/1/2] : ] When SAMPLE==0, n'o sample is used, SAyHE::l sample is composed of hard spheres, if
SAMPLE==2 sample is composed ofspherical shells. (1)

Sigma_a [barn] : 0 Absorption crossection of the sample (0)

—Runtime configuration

neutron rays: 1000000

simulation steps: 1

random seed: 0

gravity:

—Start simulation run

Launch |

( ensure recalculation)

A web-based interface for McStas and McXtrace.
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Show menu

- . X Logged in as testytest (see recent simruns) Logout |
—SANSsimple (click for documentation)

« Sketch of the instrument

—Parameters for SANSsimple

@\ole_rad [m] : 0.004  radius of the collimating pinholes (0.004) \

LC [m]: 3 length of the collimator - distance between pinholes (3)
LD [m] : 3 distance between the last pinhole slit and detector (3)
Lambda [AA] : 6  Average wavelength traced from source (6)
DLambda [AA] : 0.6 Wavelength band + /- traced from source (0.6)
R [AA] : 400 radius of the hard, monodisperse spheres in the sample (400)
ngn dR [AA] : 0 Normal variance of Radius (0)
* Instrument-specific - - -
dbilayer [AA] : 35 Thickness of spherical shell, only relevant when SAMPLE==2 (35)
n I - PHI[1] : 0.01 Volumefraction of the hard, monodisperse spheres in the sample (0.01)
SI m u atl 0 n pa ram ete rs Delta_Rho [fm/AAA3] : 06 Volume specific scattering length density contrast of the hard, monodisperse spheres in the
- ’ - sample as compared to the solution (0.6)
Qmax [AAA-1] : 0.3 Maximum scattering vector allowed by geometry to hit the detector area (0.3)
BEAMSTOP [0/1] : 1 If set, the beamstop is inserted in front of the detector in order to block the transmitted beam (1)

When SAMPLE==0, no sample is used, SAMPLE==1 sample is composed of hard spheres, if
SAMPLE==2 sample is composed ofspherical shells. (1)

@na_a [barn] : 0 Absorption crossection of the sample (0) )

—Runtime configuration

SAMPLE [0/1/2] : 1

neutron rays: 1000000
simulation steps: 1
random seed: 0
gravity:
I —Start simulation run
Launch |

( ensure recalculation)

This project has received funding from the European Union’s Horizon 2020 |

A web-based interface for McStas and McXtrace.
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Show menu

- . X Logged in as testytest (see recent simruns) Logout |
—SANSsimple (click for documentation)

« Sketch of the instrument

—Parameters for SANSsimple

@\ole_rad [m] : 0.004  radius of the collimating pinholes (0.004) \

LC [m]: 3 length of the collimator - distance between pinholes (3)
LD [m] : 3 distance between the last pinhole slit and detector (3)
Lambda [AA] : 6  Average wavelength traced from source (6)
DLambda [AA] : 0.6 Wavelength band + /- traced from source (0.6)
R [AA] : 400 radius of the hard, monodisperse spheres in the sample (400)
ngn dR [AA] : 0 Normal variance of Radius (0)
* Instrument-specific - - -
dbilayer [AA] : 35 Thickness of spherical shell, only relevant when SAMPLE==2 (35)
n I - PHI[1] : 0.01 Volumefraction of the hard, monodisperse spheres in the sample (0.01)
SI m u atl 0 n pa ram ete rs Delta_Rho [fm/AAA3] : 06 Volume specific scattering length density contrast of the hard, monodisperse spheres in the
- ’ - sample as compared to the solution (0.6)
Qmax [AAA-1] : 0.3 Maximum scattering vector allowed by geometry to hit the detector area (0.3)
BEAMSTOP [0/1] : 1 If set, the beamstop is inserted in front of the detector in order to block the transmitted beam (1)

When SAMPLE==0, no sample is used, SAMPLE==1 sample is composed of hard spheres, if
SAMPLE==2 sample is composed ofspherical shells. (1)

@na_a [barn] : 0 Absorption crossection of the sample (0) )

—Runtime configuration

SAMPLE [0/1/2] : 1

[ ] Generic SimUIation Sim:lations:.eps: ;
pa ramete rs @i(y:
I —Start simulation run - |

( ensure recalculation)

This project has received funding from the European Union’s Horizon 2020 |

A web-based interface for McStas and McXtrace.
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Show menu
—SANSsimple (click for documentation)

Logged in as testytest (see recent simruns) Logout |

« Sketch of the instrument

—Parameters for SANSsimple

@\ole_rad [m] : 0.004  radius of the collimating pinholes (0.004) \

LC [m]: 3 length of the collimator - distance between pinholes (3)
LD [m] : 3 distance between the last pinhole slit and detector (3)
Lambda [AA] : 6  Average wavelength traced from source (6)
DLambda [AA] : 0.6 Wavelength band + /- traced from source (0.6)
R [AA] : 400 radius of the hard, monodisperse spheres in the sample (400)
ngn dR [AA] : 0 Normal variance of Radius (0)
* Instrument-specific - - -
dbilayer [AA] : 35 Thickness of spherical shell, only relevant when SAMPLE==2 (35)
n I - PHI[1] : 0.01 Volumefraction of the hard, monodisperse spheres in the sample (0.01)
SI m u atl 0 n pa ram ete rs Delta_Rho [fm/AAA3] : 06 Volume specific scattering length density contrast of the hard, monodisperse spheres in the
- ’ - sample as compared to the solution (0.6)
Qmax [AAA-1] : 0.3 Maximum scattering vector allowed by geometry to hit the detector area (0.3)
BEAMSTOP [0/1] : 1 If set, the beamstop is inserted in front of the detector in order to block the transmitted beam (1)

When SAMPLE==0, no sample is used, SAMPLE==1 sample is composed of hard spheres, if
SAMPLE==2 sample is composed ofspherical shells. (1)

@na_a [barn] : 0 Absorption crossection of the sample (0) )

—Runtime configuration

SAMPLE [0/1/2] : 1

[ ] Generic SimUIation Sim:lations:.eps: ;
pa ramete rs @i(y:
I —Start simulation run - |

( ensure recalculation)

This project has received funding from the European Union’s Horizon 2020 |

A web-based interface for McStas and McXtrace.




Simulator elements
« Simulation scenario: SANS experiment, monodisperse, hard spheres in thin

SOI Utlon —Parameters for SANSsimple
Instrument setup: rpinhole_rad [m] : 0.004 ) radius of the collimating pinholes (0.004)

. . . LC [m] : 3 | length of the collimator - distance between pinholes (3)
CO”ImatIOI’\, S|mulated LD [m] : 3 distance between the last pinhole slit and detector (3)
Wavelength etc. Lambda [AA] : 6 | Average wavelength traced from source (6)

| DLambda [AA] : 0.6 ) Wavelength band + /- traced from source (0.6)
(R [AA] : —400\ radius of the hard, monodisperse spheres in the sample (400)
Sam ple para meters, dR [AA] : 0 Normal variance of Radius (0)
physical constants etc. || dbilayer (aa] : 35 | Thickness of spherical shell, only relevant when SAMPLE==2 (35)
PHI [1] : 0.01 Volumefraction of the hard, monodisperse spheres in the sample (0.01)

Volume specific scattering length density contrast of the hard, monodisperse spheres in the

Delta_Rho [fm/AAA3] : 0.6
. = [fm/ ) # sample as compared to the solution (0.6)
4 R
. . pe Qmax [AAA-1] : 0.3 Maximum scattering vector allowed by geometry to hit the detector area (0.3)
Detection specifics g g
LBEAMSTOP [0/1]: 1 If set, the beamstop is inserted in front of the detector in order to block the transmitted beam (1)
r N\ When SAMPLE==0, no sample is used, SAMPLE==1 sample is composed of hard spheres, if
SAMPLE [0/1/2] : 1 ) .
SAMPLE==2 sample is composed ofspherical shells. (1)
Sigma_a [barn] : 0 Absorption crossection of the sample (0)

™
PanoOSscC

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 823852




Simulator

Simulation launch
specifics:

Statistics

# steps in a “scan”
(combine with e.g.
R=100,400)

RNG seed
Gravitation - for
neutrons

This project has received

—Start simulation run

| I RIGITINASI o TV TSNS aNp

pinhole_rad [m] :

Lambda [AA] :
DLambda [AA] :
R [AA] :

dR [AA] :
dbilayer [AA] :
PHI [1] :

Qmax [AAA-1] :
BEAMSTOP [0/1] :

SAMPLE [0/1/2] :

Sigma_a [barn] :

elements

Delta_Rho [fm/AAA3] :

0.004

0.6
400

35
0.01

0.6

0.3

radius of the collimating pinholes (0.004)

length of the collimator - distance between pinholes (3)

distance between the last pinhole slit and detector (3)

Average wavelength traced from source (6)

Wavelength band + /- traced from source (0.6)

radius of the hard, monodisperse spheres in the sample (400)

Normal variance of Radius (0)

Thickness of spherical shell, only relevant when SAMPLE==2 (35)
Volumefraction of the hard, monodisperse spheres in the sample (0.01)

Volume specific scattering length density contrast of the hard, monodisperse spheres in the
sample as compared to the solution (0.6)

Maximum scattering vector allowed by geometry to hit the detector area (0.3)
If set, the beamstop is inserted in front of the detector in order to block the transmitted beam (1)

When SAMPLE==0, no sample is used, SAMPLE==1 sample is composed of hard spheres, if
SAMPLE==2 sample is composed ofspherical shells. (1)

Absorption crossection of the sample (0)

~—Runtime configuration

neutron rays:
simulation steps:
random seed:

gravity:

1000000

e Start by hitting ‘launch’

e X in ensure recalculation
enables to “force simulating”
- i.e. that result to be shown

is generated and not read

L from an earlier simulation... )

| Launch :\

( ensure recalculation)

A web-based interface for McStas and McXtrace.




Example output 1/3 (from default parameters)

Simulation info, stats etc.

Clickable, interactive
detector outputs. .-~

(use ‘" or link to google
lin/log scale)

This project has received funding from the European Union’s Horizon 2020 resear

N intro-ns: Simulation quiz: Sm X Instrument Simulation Data X
R R (d [—
& cC @ © & https://sim.e-neutrons.esss.dk/static/datafte 80% oo kg N O € ® =
N McStas McXtrace
Panosc 707’
(" SANSsimple -

Loaded cache data from 14:26:58, 02/02-2021
Reconfigure

Simulation

params: pinhole_rad=0.004 LC=3 LD=3 Lambda=6 DLambda=0.6 R=400 dR=0 dbilayer=35 PHI=0.01 Delta_Rho=0.6 Qmax=0.3 BEAMSTOP=1 SAMPLE=1
Sigma_a=0

neutron rays: 1000000

random seed: 0

L simulation steps: 1 J
Data plots (click here for lin-scale) )
\ V.

Instrument layout (click here to view in a new tab and click here for simple 2D view)

mcrun SANSsimple.instr --no-output-files --trace --ncount=300 --dir=mcdisplay pinhole_rad=0.004 LC=3 LD=3 Lambda=6
DLambda=0.6 R=400 dR=0 dbilayer=35 PHI=0.01 Delta_Rho=0.6 Qmax=0.3 BEAMSTOP=1 SAMPLE=1 Sigma_a=0

Ray index 80/299 Keeprays @  Scatter Markers Il Reset view:
S Show BB ¥




Example output 2/3

3D visualisation of the experiment

Downloadable outputs

This project has received funding from the European Union’s Horizon 202

.

Instrument layout (click here to view in a new tab and click here for simple 2D view)

mcrun SANSsimple.instr --no-output-files --trace --ncount=300 --dir=mcdisplay pinhole_rad=0.004 LC=3 LD=3 Lambda=6
DLambda=0.6 R=400 dR=0 dbilayer=35 PHI=0.01 Delta_Rho=0.6 Qmax=0.3 BEAMSTOP=1 SAMPLE=1 Sigma_a=0

Ray index  80/299
=2

Keeprays @  Scatter Markers Reset view:

Show BB ¥

Download output files

simrun.tar.gz SANSsimple.instr stdout stderr VRML

A web-based interface for McStas and McXtrace.
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e Clicking a graph
brings it
forward

e Lin/log by
pressing ‘I’
link-toggle

or

e Drag/Zoom-
able by mouse

Simulation Data

eutrons.es

X

X monitor

w N D

intro-ns: Simulatior Simulation Data

c o © @& https://sim.e-neutrons.esss.dk/static/dat= [E]  80% e w N

Format: McCode with text headers
URL: http://www.mccode.org
Creator: Mcstas 2.6 - Jan. 24, 2020
Instrument: SANSsimple.instr
Kcount: 1000000

Trace: no

C @ © & https://sim.e-neutrons.esss.dk/static/datafte 80%

Gravitation: no
seed: 1612300374

ey e Datafile can be
accessed by link

© 1 W W R e T T e R R e e

Delta Rho=0.6
.3

in-scale -~ click here for ascin’ataﬁle -~ click here for full frame)

(click here for

Sigma_a=0

Tue Feb 2 14:26:41 2021 (1612272401)
type: array_2d(128, 128)

Source: SANS2_liposomes (SANSsimple.instr)
component: PSD

position: 0 0 8.999

title: PSD monitor

Kcount: 1000000

filename: PSD.txt

-00411847; dX=7.26078; Y0=-0.000971867; &
Mean=0.00343111;

PSD [PSD.txt] PSD monitor
I=56.2153 Err = 0.0988378 N = 483142000

AL NN Vi,

.2602;

yvar: ¥
xlabel: X position [em]
¥ position [em]

4.00e+1

zlabel: Signal per bin
xylimits: -50 50 -50 50
variables: I I_err N
Data [PSD/PSD.txt] I:
00000000000000000000000000000000000000000000000000000000 6.8248026¢
414660528e-08 6.947527332e-08 1.72370205e-07 1.81801207e-07 2.517824189e-07 2.262798338e-07 2.437743701e-07 2.459514749e-
738721964e-07 1.381053868e-07 9.548399341e-08 3.45642419e-08 9.813306931e-09 1.194465713e-11 0 0 0 00 0 0 00 0 0 0 0 O
00000000000000000000000000000 000
©0000000000000000000000000000000000000000000000000000 9.769800872e-11 2.019294
1.541799333e-07 4.530457969e-07 8.589777085e-07 1.290648094e-06 1.804370517e-06 2.415088838e-06 2.597009383e-06 2.B2282677e-
3.254678105e-06 3.352192097e-06 3.276089252e-06 3.337471146e-06 3.186783722e-06 3.292528075e-06 3.304058687e-06 3.20909454e-
2.970060432e-06 2.771557946e-06 2.158276122e-06 1.856762544e-06 1.419033697e-06 9.377262358e-07 4.821913426e-07 1.522932349¢
1.942419064e~08 0 00 000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000006.115819531e-09 8.355205168e-08
3.691702359e-07 1.092623509e-06 1.838230968e-06 2.494814602e-06 3.246054287e-06 3.787545627e-06 4.116529766e-06 4.475411754¢
4.447055299e-06 4.494682031e-06 4.515819223e-06 4.812896613e-06 4.797188836e-06 4.798486855e-06 4.67151114e-06 4.830713991e-
4.921682899e-06 5.00281141e-06 4.857689162e-06 4.787343062e-06 4.635667489e-06 4.469891691e-06 4.484892273e-06 4.336988534e-
4.108145511e-06 4.030633811e-06 3.841703892e-06 3.260176193e-06 2.598755719e-06 1.775607954e-06 9.214071588e-07 3.442917129¢
6.952777357e-08 0 0 0 00 000000000000000000000000000000000000000000
0000000

2.00e+1

°

000000000000000000000000000000000 2.953501463e-09 1.842180261e-07 6.5981
1.587941577e-06 2.836724781e-06 3.514333051e-06 3.886091988e-06 4.167189126e-06 4.54827607e-06 4.66306729e-06 5.078434168e-(
5.524360596e-06 5.704751186e-06 6.185594094e-06 6.597875094e-06 6.982088914e-06 7.056134504e-06 7.350942391e-06 7.776570635¢
7.608351481e-06 7.39500305e-06 7.548165016e-06 7.831273524e-06 7.47784223e-06 7.380888024e-06 7.183110387e-06 6.354889102e~C
6.81790538e-06 6.590546956e-06 6.209671827e-06 5.687350989e-06 5.022081146e-06 4.784696073e-06 4.416301582e-06 4.125081287e-
4.12210502e-06 3.751978497e-06 2.687255295e-06 1.603406649e-06 6.840514156e-07 1.615950471e-07 2.184610041e-09 0 0 0 0 0 O ¢
0000000000000000000000000000000000000O0O0 2.540684697e-10 1.080240798e-07 7.593441269
1.814639495e-06 3.148377705e-06 3.759226515e-06 4.170315681e-06 4.398998389e-06 4.989962602e-06 5.608421316e-06 6.207534672¢
6.609828602e-06 7.271901976e-06 7.809171708e-06 8.413829618e-06 8.620981958e-06 9.58981451e-06 9.534710481e-06 1.058356195e-
9.893526415e-06 1.009451996e-05 1.048904919e-05 1.031192324e-05 9.962008228e-06 1.033317302e-05 1.048299761e-05 1.007938178
1.00257999e-05 1.004905371e-05 9.651569361e-06 9.956552646e-06 8.909556986e-06 9.181125352e-06 8.978769832e-06 8.01440505de-
7.706678368e-06 6.735050324e-06 6.234330458e-06 5.558581707e-06 4.942778812e-06 4.587148916e-06 4.070201883e-06 3.945453739
1.886357852e-06 6.709693693e-07 1.169020238e-07 0 0 0 0 0 0 0000000 00000000000000000
000

&n [cm|

00e+0 ~

Y posi

000000000000000000000000000OO0O 3.452145237e-08 2.851670774e-07 1.520293674e-06
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* To access, please self-enrol to the course Jupyterhub-test
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