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Neutrons

ÅElectric neutrality

ÅPenetrate deeply into matter

ÅNo Coulomb -barrier

ÅInteraction with the atomic nuclei

ÅInteraction with different atoms does not depend 
systematically on atomic number

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

ÅNon destructive

ÅSensitive to magnetic structures
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Neutrons 
What makes them special for biology?

From M. V. Avdeev presentation at Central European Training 
School on neutron techniques 
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Neutrons

ÅWavelength ðcrucial parameter for NS techniques

ÅReactors, spallation sources ðneutrons with E ~ MeV

ÅE < 1 keV is required

ÅEnergy distribution can be modified through thermalisation in 
moderators

ÅMaxwellian distribution of velocities
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Neutrons

ÅWavelength distribution moderator temperature

ÅSANS ðideally cold neutrons 

From Lovesey, S. W., 1984. Theory of Neutron Scattering 
from Condensed Matter. Oxford, Clarendon Press
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Aim of Small -angle neutron scattering

ÅòLargeó scale structural data: 1-100 nm

ïShape

ïSize

ï Interactions, organization

ïNO atomic resolution information

ÅTypically in continuous medium

ÅTime averaged information

ÅOften in situ - no specific sample preparation

ÅTypical objects: Particles, aggregates, etc.

ÅObjects often randomly oriented

ï2D detector, but 1D averaged data to reconstruct 3D objects
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Aim of Small -angle neutron scattering

ÅBiology

ïProteins

ïModel or natural membranes

ÅSoft matter, food science

ïColloidal particles

ïPolymers 

ïSurfactants

ïFoams

ÅGeology, mining, 
construction

ïPorous materials

ÅArcheology and Arts

ïCeramics

ïWeapons

ïSculptures

ÅEngineering

ïAlloys

ï Irradiated samples

ÅMagnetic structures

Å...

Åé
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Aim of Small -angle neutron scattering

From Lombardo et al. 2020 Molecules ðOpen Access
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SAS in Nature

10

ÅSun or moon corona

ïSAS from thin clouds ðeach corona light ray is scattered by 
only one droplet or ice crystal 

ïsmaller objects -> larger corona

ïhttps:// atoptics.co.uk/droplets/corona.htm

ïhttps://atoptics.co.uk/droplets/cormoon.htm

https://atoptics.co.uk/droplets/corona.htm
https://atoptics.co.uk/droplets/cormoon.htm
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ÅPollen corona

ïNon spherical objects with preferred orientation

ïhttps://atoptics.co.uk/droplets/corim24.htm

ïhttps://atoptics.co.uk/droplets/pollen1.htm

SAS in Nature 

11

https://atoptics.co.uk/droplets/corim24.htm
https://atoptics.co.uk/droplets/pollen1.htm
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SANS 
Instrumentation
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ÅòReactoró SANS

ÅDemonstration videos at:

Å https://www.ill.eu/fileadmin/user_upload/ILL/3_Users/Instruments/Instruments_list/00_ -
_LARGE_SCALE_STRUCTURES/D11/html5/D11-principle/D11.html

ÅWhat setup should we use?

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

ÅIf possible, keep Ȋ constant

SANS Instrument

Courtesy of Lilin He, ORNL

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


1414 Small-Angle Neutron Scattering

Yellow Submarine

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

ÅESS Proposed Compact SANS Instrument for Small Sample Volumes

ÅNeutron pulses ðsimultaneous use of a wide wavelength range ðlarge 
dynamic range in scattering vector with single setup

ï Ideal for the study of time -dependent processes

ÅTime of detection              time -of -flight              speed             wavelength

ÅTime-distance diagram

From   Klenø, K. et al. Instrument Construction Proposal
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T vs D graph
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Sample environment

ÅLow neutron cross -section for various structural materials

ÅVersatile

From   www.bnc.hu
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Sample environment

ÅLinear sample changer

From https://neutrons.ornl.gov/eqsans/gallery


