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Neutrons

AElectric neutrality

APenetrate deeply into matter
ANo Coulomb -barrier
AlInteraction with the atomic nuclei

AlInteraction with different atoms does not depend
systematically on atomic number

Alnteraction can be very different for isotopes of the
same atom (e.g. H/D )

ANon destructive
A Sensitive to magnetic structures
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Neutrons
What makes them special for biology?
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The diameters of the circles shown scale with the scattering amplitude f,(sin®@=0) for x
rays, and b_,*10 for neutrons. Hatching indicates negative scattering amplitudes.
From M. V. Avdeev presentation at Central European Training
School on neutron techniques
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Neutrons

A Wavelength & crucial parameter for NS techniques
A Reactors, spallation sources & neutrons with E ~ MeV
A E <1 keV is required

A Energy distribution can be modified through thermalisation In
moderators

A Maxwellian distribution of velocities
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Neutrons

A Wavelength distribution < > moderator temperature
Neutron energy Moderator material and temperature
Cold neutons E <10melV Liquid Hxor Dy, T'= 20K
Thermal neutrons 10meV < E <100 meV H,O and D,0, T = 290K
Hot neutrons 100meV < E <500melV Graphite, 7' = 2000K
Epithermal neutrons 500meV < E

FromLoveseyS. W., 1984Theory of Neutron Scattering
from Condensed MattelOxford, Clarendon Press

A SANS§ideally cold neutrons E¢10meV /2 3A k¢ 2.21
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Aim of Small -angle neutron scattering

AdbLargeo6 scale stloOnmt ur al dat
I Shape
I Size
I Interactions, organization
I NO atomic resolution information

ATypically in continuous medium

ATime averaged information

A Often in situ - no specific sample preparation
ATypical objects: Particles, aggregates, etc.

A Objects often randomly oriented

I 2D detector, but 1D averaged data to reconstruct 3D objects
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Aim of Small -angle neutron scattering

ABiology AArcheology and Arts
I Proteins I Ceramics
I Model or natural membranes I Weapons
A Soft matter, food science I Sculptures
i Colloidal particles AEngineering
I Polymers I Alloys
I Surfactants i Irradiated samples
I Foams AMagnetic structures
AGeology, mining, A
construction
I Porous materials Aé
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Aim of Small -angle neutron scattering
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Electron Microscopy

From Lombardo et al. 2020 Molecules 6 Open Access



SAS In Nature

ASun or moon corona

I SAS from thin clouds d each corona light ray is scattered by
only one droplet or ice crystal

I smaller objects -> larger corona
T https:// atoptics.co.uk/droplets/corona.htm
T https://atoptics.co.uk/droplets/cormoon.htm
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https://atoptics.co.uk/droplets/corona.htm
https://atoptics.co.uk/droplets/cormoon.htm

SAS In Nature

APollen corona
I Non spherical objects with preferred orientation
I https://atoptics.co.uk/droplets/corim24.htm

T https://atoptics.co.uk/droplets/pollenl.htm
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https://atoptics.co.uk/droplets/corim24.htm
https://atoptics.co.uk/droplets/pollen1.htm

SANS
Instrumentation
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SANS Instrument

AdbReactord SANS

()
Velocity selector

Neutron collimators

Courtesy of Lilin He, ORNL

-
Y

Sample aperture

Vacuum tank N "

A Demonstration videos at: 2D detector

A https://lwww.ill.eu/fileadmin/user upload/ILL/3 Users/Instruments/Instruments list/00

LARGE_SCALE_STRUCTURES/D11/html5/D1grinciple/D11.html

A What setup should we use?

A A priori information about the sample ->
Required g -range, required resolution ->
SD,wavelength, collimation , detector offset

Alf possible, keep I constant
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https://www.ill.eu/fileadmin/user_upload/ILL/3_Users/Instruments/Instruments_list/00_-_LARGE_SCALE_STRUCTURES/D11/html5/D11-principle/D11.html
https://www.ill.eu/fileadmin/user_upload/ILL/3_Users/Instruments/Instruments_list/00_-_LARGE_SCALE_STRUCTURES/D11/html5/D11-principle/D11.html

Yellow Submarine

Collimation system (5m long)

Thermostat (-50 +180 °) !_"
f

(beam splitter, collimator
Curved neutron guides neutron guide, telescope) q

2" beam shutter

\\/ /

10 MW power reactor and H2 cold source

||:'- [I] -| | = Yellow Submarine
I |
| = \
Disc type Monitor Sample holder
velocity selector
Beam shutter Entrance aperture Exit aperture 2D position sensitive

detector (movable
between 1.3-5.6 m)

From www.bnc.hu
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SANS Instrument at a Spallation Source

A ESS Proposed Compact SANS Instrument for Small Sample Volumes
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Choppers Q

Moderator

A Ly 1,2,3,4m 1m<L,<4m
S
From Kleng K. et al. Instrument Construction Proposa
A Neutron pulses 8 simultaneous use of a wide wavelength range d large
dynamic range in scattering vector with single setup

I Ideal for the study of time -dependent processes

A Time of detection <¢(——fjme -of-flight {—speed (¢——wavelength

A Time-distance diagram
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T vs D graph
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Sample environment

From www.bnc.hu
A Low neutron cross -section for various structural materials

A Versatile
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Sample environment

A Linear sample changer
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