Small-Angle Neutron Scattering
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Goal of this talk

- What is Small-Angle Neutron Scattering (SANS) and how can we
use it with polarized neutrons to gain insights into magnetic
properties of materials?



The neutron properties are well tuned to study materials

- Lifetime ~ 15 min

- No charge

- Mass = 1.67492*10-27 kg

- Spin=1/2



As a crude approximation, a spin can be seen as an intrinsic angular
momentum ("spinning”) that produces a magnetization
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Generally, a neutron scattering experiment consists of counting the

number of neutrons scattered by a sample in different directions.

For this talk, we assume elastic scattering only
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Neutron cross-sections are helpful to characterize the strength of

interaction between the sample and the neutron
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Total Cross-section Differential Cross-section

do

Number of neutrons scattered in all directions per second

Number of neutrons scattered per sec. into a solid angle 3

Otot —

Incident flux (lo)

dQ Incident flux (lo)

Units are barns/steradian

Units of area in barns (1 barn = 10-28 mz2)

** A macroscopic diff. cross-section is often used, which divides the diff. cross-section by the volume of the sample.



A neutron interacts with the atoms within a material

via 2 different ways

Nuclear Interaction Magnetic Dipole-Dipole Interaction
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b: Neutron Scattering length (~ 1fm = 1e-15 m)



The neutron differential cross-section probes the Fourier transformation

of the density (p) and magnetization (M) of a material
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SANS: Small-Angle (low Q) neutron scattering is a technique

designed to probe “long” length scale structures.
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Q = stin(g) ~ k6 |

D (length scale) ~ 1 to 10 000 nm

Liu, Dong et al. "Current progresses of small-angle neutron scattering on soft-matters investigation." Nuclear Analysis (2022): 100011.



