Neutron Scattering




Atomic nucleus

The nucleus is the very dense region
consisting of protons and neutrons at the
center of an atom. A model of the atomic
nucleus showing it as a compact bundle of
the two types of nucleons: protons (red)
and neutrons (blue).




Basic properties of the neutron

The neutron is a nuclear particle with a mass rather
close to that of the proton

m,_=1.675 10-*7 kg.

The neutron does not exist naturally in free form, but
decays into a proton, an electron, and an anti-neutrino.
The neutron lifetime, T = 886 s , is much longer than the
time of a neutron within a scattering experiment, where
each neutron spends merely a fraction of a second. The
neutron is electrically neutral but still possess a magnetic
moment

L=YuN,
wherey = —1.913 is the neutron magnetogyric ratio and
the nuclear magneton is given by

pN = eh/m,

The neutron interacts with nuclei via the strong
nuclear force and with magnetic moments via the
electromagnetic force.




Particle-wave duality

In neutron scattering experiments, neutrons
behave as particles when they are created, as
waves when they scatter, and again as particles
when they are detected. To be more specific, a
particle moving with constant velocity, v, can be
ascribed a corresponding (de-Broglie)
wavelength, given by

A =2rh/mv
where the Planck constant is h=1.034 *
10-34 Js. In neutron scattering, the wave nature is
often referred to in terms of the neutron wave
number,
k=2m/A,

or the wave vector of length k and with same
direction as the velocity:

k =mv/h




Example 1:

A stone

and a water wave

are of different matter.

In that case, the wave-particle
duality can't be explained.
It is an enigma.

Example 2:

A drop of water {corpuscie)
and a water wave

are of identical matter.
Water has either a corpuscle
behavior or a wave behavior.

In this particular situation,
wave-particle duality is
explained with logic and
consistency.




Introduction to neutron
scattering

Neutron scattering, the scattering of
free neutrons by matter, can refer to either the
physical process or the experimental technique which
uses this process for the investigation of materials.
Neutron scattering as a physical process is of
primordial importance in nuclear engineering.
Neutron scattering as an experimental technique is
used in crystallography, physics, physical
chemistry, biophysics, and materials research.

Neutron scattering is one of the most powerful and
versatile experimental methods to study the structure and
dynamics of materials on the nanometer scale.

Neutron scattering is the technique of choice for
condensed matter investigations in general because
thermal/cold neutrons are a non-invasive probe; they do
not change the investigated sample since they do not
deposit energy into it.
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In &, the neutron strikes the
nucleus and is absorbed,
causing the nucleus to undergo
deformation, ®. In about
10-14second, one of the
deformations, ¢, is o drastic
that the nucleus cannot
recover and fissions, d,
releasing two or three
neutrons. In about 10712 second,
the fission fragments lose
their kinetic energy and come
to rest, emitting a number of
gamma rays. At this stage, e
they are called fission
products. In the final stage, f,
the fission products lose their

excess enerqgy by radioactive
decay, emitting beta particles
and gamma rays over a time
period ranging from seconds
to years.




Basic idea of neutron
scattering experiment:

Neutron sources
Research reactor

U +n 2A+B+2.3n (A, B: fission fragments)

~ chain reaction, keeps going by itself until "fuel” (uranium
enriched by **U) is exhausted = source of both energy (nuclear
power reactors) and neutrons (research reactorsy

Neutron detectors

Since neutrons are electrically neutral, they are difficult to
detect directly. One therefore converts them into charged
particles via a nuclear reaction such as:

n+3He 23H +p

The protons are collected by a high electric field and converted
into electric current.

Another type of neutron detector is based on a gas of

"°BF3.”B has a high neutron capture cross section via the
nuclear reaction

n+°B2>7Li+*H
The energetic nuclei produced in this reaction ionize gas molecules,
which are again collected by a high electric field.




TYPES OF NEUTRON SCATTERING

There are four main types of neutron scattering.
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Inelastic neutron scattering is an experimental
technique commonly used in condensed matter
research to study atomic and molecular motion as well as
magnetic and crystal field excitations. It distinguishes
itself from other neutron scattering techniques by
resolving the change in kinetic energy that occurs when
the collision between neutrons and the sample is

an inelastic one. Inelastic scattering experiments
normally require a mono chromatization of the incident
or outgoing beam and an energy analysis of the scattered
neutrons. This can be done either through time-of-flight
techniques (neutron time-of-flight scattering) or
through Braggs reflection from single crystals (neutron
triple-axis spectroscopy, neutron back scattering).

neutran  white mono-

source beam chromater ~Ei  menitor

analyzer @

E; \
detector O




