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SANS – Basic Concept & Theory

SANS – Instrumentation

SANS – Resolution & Intensity

Applications & Examples of SANS:

– Soft Matter

– Hard Matter 

– Magnetism of nanoscale materials

– Emergent nanoscale magnetic structures of

strongly correlated electron systems (SCES)

Outline
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SANS: Diffractometer specialized for small scattering angles

SANS – Basic Concepts

Large correlations in real space

20Å to 40.000Å

Low Q small scattering angles

~1 Å-1 to ~10-4 Å-1
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SANS vs. SAXS
Properties of neutrons

Interaction with the nuclei 
(strong interaction, pointlike)

Neutral particle, deep 
penetration (window materials 
for extreme environment)

Isotope sensitivity

Sensitive to magnetism 
(spin1/2 particle)

Energy and momentum match 
elementary excitations and 
interatomic distances of 
condensed matter

Low brilliance (many orders of 
magntitude compared to X-
rays)

Brilliance cannot be scaled up 
easily

No radiation damage to samples



Small Angle Neutron Scattering, S. Mühlbauer 19.10.2020

Forward scattering - Why is it useful?

Forward scatteringBackscattering

Lots of intensity scattered in forward direction

Phase function for different x

SANS – Basic Concepts
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Scattering length density

Neutron diffraction: Neutrons interact with
individual nuclei with scattering length b

SANS: large structures/low q: Averages over
large r

Scattering length b Scattering length density

Example: water

Scattering length density: Useful description for
SANS, USANS, GISANS and reflectometry

Scattering length density: „Average interaction
potential“ for neutrons
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Principle of Babinet

Principle of Babinet: 
Same coherent

scattering of these
samples

Contrast variation and contrast matching

Natural contrast Shell visible Core visible

Mixture of H2O/D2O, isotope variation very useful for soft matter samples

Assume a general two phase
system

SANS measures inhomogeneities of
scattering length density



Small Angle Neutron Scattering, S. Mühlbauer 19.10.2020

Structure & Form Factor

Split up the integral over 
the sample

Form factor P(Q) Structure factor S(Q)

Interference of neutrons 
scattered at the same 

object

Interference of neutrons 
scattered from different 

objects

Shape, surface and 
densitiy distribution of 

objects

Arrangement or 
superstructure of  

objects

Measurement signal: 
Convolution of P(Q) and S(Q)

c c
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Form Factor

Form factor P(Q)

Interference of neutrons 
scattered at the same 

object

Patterson function: 
Convolution of an object with itself

Characteristic function (2D): Orientational average of P(r)

FT of Patterson function: Scattering signal

Lets assume a very diluted sample of randomly distributed 
identical scattering objects: No structure factor!

c
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Diluted spheres Random oriented diluted cylinders

Form Factor

The form factor yields information about:
Shape, size (distribution), SLD contrast (profile) 
and volume concentration of scattering objects. 

But:
Prone to overfitting due to lack of independent 

parameters! 
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Low and high Q limits: Porod and Guinier regime

Form factor for diluted cylinders 
radius 30Å, length 400Å

No structure factor!

Guinier scattering for dilute, 
monodisperse and isotropic 
solutions of particles:
QR

G
« 1

Porod scattering for 
smooth surfaces and
Q » 1/D

Form Factor
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SANS: Instrumental Setup 
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Collimation section

Velocity selector

Collimation: Define resolution and intensity

Aperture system/neutron guides (supermirror)

Alignment extremely critical

Well-defined and homogenous wavelength /divergence profiles

Transmission polarizer for the use of polarized neutrons

Parasitic background scattering has to be avoided (whole collimation 
system is evacuated, edge scattering, incoherent background)
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Sample stage 

Provide necessary sample 
environment (similar to any other 
neutron diffractometer or 
spectrometer)

Parasitic background scattering has 
to be avoided (extremely critical!)

Minimize neutrons travelling in 
air (few cm can be too much)

Avoid Aluminum neutron 
windows (single crystalline 
sapphire is better)

Get rid of scattering at edges 
(use conical slits)
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Detector tube

Vacuum vessel for detector to provide lowest possible background

Typical length 10-40m

Interior completely covered with 
neutron absorbing Cadmium

Sample detector length 
adjustable (select Q-range)

One (or several) He3 position 
sensitive detectors (typical 1m2

with 5mm resolution)
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Detector

Array of 128 position sensitive 3He Reuter Stokes 
tube detectors
8mm x 8mm position resolution (charge division)
Detector distance from 1-20m, moves on rails
Maximal count rate 4MHz

Air cooling 
for detector 
electronics

Beam stop

Cd strips for 
calibration

Raw data 

Position calibration
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SANS – Resolution

Source aperture Sample aperture

D
e
te

c
to

r

L
1 L

2

a
1 a

2

Angular resolution

Monochromaicity

Detector resolution

Gravity

Selector

Treat as Gaussian distributions:

Angular resolution:

What is the largest object SANS can detect 
(limit small Q)?

For and

Largest object: On D11, ILL: L=40m, λ=15Å D≈ 5μm

For large scattering angles (large Q) 
wavelength resolution dominates.
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SANS – Resolution

Source aperture Sample aperture
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Selector
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Intensity & Resolution

Intensity: Quadratic decrease with source 
to sample distance (collimation length)

Wavelength: Decrease of 
intensity with λ-4
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Typical Measurement

Sample (at different L)

Water (absolute scale, 

solid angle correction)

Empty sample 

holder/cuvette

Background (empty 

beam/blocked beam)

Fit model of the sample (conv. 
with resolution to the dataset)

Typical SANS dataset:
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SANS - Resumee

SANS tells you the statistical average of:

– Shape of scattering object

– Size (distribution) of scattering objects

– Surface of scattering objects

– Scattering length density (distribution)

– Arrangement (Superstructure?)

SANS: Diffractometer specialized for small scattering angles

Large correlations in real space

20 to 40000Å

Low Q small scattering angles

~1 Å-1 to ~10-4 Å-1
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Applications & Examples of SANS:

- Soft Matter

- Hard Matter 

- Magnetism of nanoscale materials

- Emergent nanoscale magnetic structures of strongly   

correlated electron systems
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Soft Matter

Polyisoprene – Polystyrene Diblock Copolymer Phase Diagram

Two (or more) homopolymers units linked by covalent bonds
Microphase separation: Complex nanostructures phases
Flory-Huggins segment-segment interaction
Degree of polymerization
Volume fraction

Macromolecules, Vol. 28, No. 26, (1995)
Physics Today, p. 32, Feb. (1999)

SANS pattern: 
Aligned by shear
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Applications & Examples of SANS:

- Soft Matter

- Hard Matter 

- Magnetism of nanoscale materials

- Emergent nanoscale magnetic structures of strongly   

correlated electron systems
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Hard Matter
Co-Re alloys for ultra high temperature / high stress applications (turbine

blades) Precipitation growth and ageing by means of SANS.

Dissertation L. Karge, TU München

Precipitation hardening
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Applications & Examples of SANS:

- Soft Matter

- Hard Matter 

- Magnetic SANS

- Magnetism of nanoscale materials

- Emergent nanoscale magnetic structures of strongly                         

correlated electron systems
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Magnetic SANS – a primer
Magnetism on the nanoscale (30Å -3000Å)

Magnetism of materials that are 

inhomogneous on the nanoscale.

Emergent nanoscale magnetism of 

spatially homogeneous materials.

Nanoscale magnetism is 

imprinted by imhomogeneous 

material/sample properties.

Nanoscale magnetism emerges due to 

(emergent) electronic correlations of 

SCES, competing interactions or 

superconductivity

e.g.: Nanoparticles, ferrofluids, 

sintered NeFeB magnets, granular 

magnetic recording media, nanodots, 

magnetic steels….etc

e.g.: Superconducting VL, skyrmions, 

complex charge / stripe order due to 

competing FM/AF interactions….
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Nanomagnetism

Nuclear grain microstructure Spatial variation of magnetization

Magnetic SANS is sensitive to the deviation of the mean magnetization:

Deviation of the mean spin direction

Deviation of the mean magnetitude of the magnetization

SANS: 3D Fourier transform of the magnetization distribution

Dissertation D. Mettus, 

Univ. Luxembourg

Attention: „Nuclear“ signal in present additionally!
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Nanomagnetism

Goal: Relating the microstructure and magnetic properties is of high interest.

Unpolarized magnetic SANS cross-sections

Use magnetic selection rule 
(anisotropic scattering pattern)

Saturate the sample with high fields 
to surpress magnetic scattering

Use SANSpol (half polarized) and 
POLARIS (full polarization analysis) for 
a full picture/ discrimination of SF/NSF 
scattering (comes at the price of 
intensity).
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SANS measures inhomogeneities of scattering length density

SANS measures mesoscopic information, independent of microscopic structure

Incommensurate Magnets
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Incommensurate Magnets

SANS: Incommensurate 
satellites around (0,0,0)

Archetypal helimagnet MnSi

Diffraction: Incommensurate 
satellites around (h,k,l)

Itinerant ferromagnet

No inversion symmetry (B20) 
Dzyaloshinsky-Moriya interaction

H=J(S
1
·S

2
)+D·(S

1
xS

2
)

Monochiral helix, pitch=180 Å.

Cubic anisotropy: Weak pinning (111)
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Vortex lattice crystallography: Diffraction in SANS geometry

Vortex lattice 2D magnetic Bravais lattice

90° rot. around the n-beam

Intensity Bragg peak Form factor

Real space k-space

B=1500 G

A
0
=1260 Å

Typical values:

SANS: Vortex Lattices
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Thank you for your attention!

www.mlz-garching.de
Sebastian.Muehlbauer@frm2.tum.de

http://www.mlz-garching.de/

