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@ The Nobel Prize in Physics 1994

"for pioneering contributions to the development of neutron
scattering techniques for studies of condensed matter”

"for the "for the
development of development of the
neutron neutron diffraction
spectroscopy” technique"

Clifford G. Shull

(D 1/2 of the prize




Why Scientist Like Neutrons? |:

Neutrons have No Charge! The Energies of neutrons are similar to the
energies of elementary excitations!

* Highly penetrating
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* Magnetic materials « Sensitive to structure
e Gathers information from 101°to 10" m
Neutrons have Spin! - Crystal structures and atomic spacings

* Polarized beams

» Atomic orientation Neutrons probe Nuclei!

« Coherent and incoherent scattering - Light atom sensitive



Scattering Interaction
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Neutron interacts with atoms with very short range of nuclear
force and also interacts with unpaired electrons in solids



Neutron Scattering Law

« k= 27/

. E = h2k2/2m : This Law Is simply proportional

to the Fourier transform of a function

R tum transfer that gives the probability of finding
Q=k;- k; two atoms a certain distance apart

Energy transfer
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Neutrons Scattering Experiments(1) °o0

Whan the neutrons
collide with atoms inthea

sample material, thay

change direction (are |

scatt ered) - elastic #!;Tj‘ Research reactor
scatt aring.
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Crystal that sorts and

Detactors record the directions forwards neutrons of
of the neutrons and a diffraction a certain wavelength
pattern is obtainad. {energy) - mono-

The pattern shows the chromatized neutrons
positions of the atoms relative

to one anothear.



Comparing to X-ray :

Penetration Depth (m)
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Neutron cross section

Neutrons can penetrate matter far better
than charges particles.

Two-edge sword: sometimes
neutrons are only weakly scattered

Heavy atoms with many electrons scatter
X-rays more efficiently than light atoms,
such as O,H.

However, neutron can be easily scattered
by light atoms.



The Role of Neutron Scattering

e Never use neutrons If there is another
technique that will give the same information

e — Neutrons are almost always more expensive and only available at large
facilities
e —You need large samples and long data collection times

e Neutron scattering provides information that is
complementary to other technigues

e — Scattering techniques give statistical information rather than discrete
“pictures’

e — Different scattering power of x-rays & neutrons highlight different atoms
* Particularly useful for locating water molecules using neutrons



An Example 41

e Neutron and X-ray diffraction mix map
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Neutron Production
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Neutron Scattering Facilities

Facilities List in the world

High Flux Isotope Reactor

HB-1A
Ames Lab Tripie-Axis
Spectrometer

Cold Neutron
Source

HB-1
Triple-Axis
Spectrometer

N
cG-ac C6-an
| uS/sapan Cold Future

HB-28B Triple-Axis Development

Residual Stress Mapping Trinle-Axis Four Circle 5
Spectrometer Difiractometer 35 Development

*Date shown is the scheduled
commissioning date.
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e High Flux Isotope Reactor(HFIR)

Front-End Systems
(Lawrence Berkeley)

Accumulator Ring
(Brookhaven)

Target
- - o (Ook Ridge)
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(Los Alarmes ond
Jefferson)

Instrument Systems |
(Argonne ond Ook Ridge)

Spallation Neutron Source(SNS)


http://www.neutron.anl.gov/facilities.html

Summary

e Neutrons are produced in two main ways
1.  Research reactor
2. Spallation Source

e Utilizes the properties of the neutrons

e In material science, neutrons are useful in determining not only
structural properties of a material, but also the vibrational,
magnetic, and lattice excitation.

e Neutrons scattering is also very helpful in other areas such as
structural biology, chemistry.



