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What do neutrons do?

Neutrons show where atoms are…..

… and what atoms do

Nobel Prize in Physics 1994  - Shull and Brockhouse
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Neutrons: microns to angstroms!
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We get the dynamics too!
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No one length scale, or 
time scale is more 

fundamental than any 
other!

We can also measure 
how things move!
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1.1. Neutrons have the right wavelengthNeutrons have the right wavelength

2.2. Neutrons see the NucleiNeutrons see the Nuclei

3.3. Neutrons see Light Atoms next to Heavy OnesNeutrons see Light Atoms next to Heavy Ones

4.4. Neutrons measure the Velocity of AtomsNeutrons measure the Velocity of Atoms

5.5. Neutrons penetrate deep into MatterNeutrons penetrate deep into Matter

6.6. Neutrons see Elementary Magnets Neutrons see Elementary Magnets 

Why Neutrons?
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• Mass: mn = 1.675 x 10-27 kg

• Charge = 0; Spin = ½

• Magnetic dipole moment: μn = - 1.913 μN

• Kinetic energy (E), Velocity (v), Wavelength (λ), Wavevector (k)

E = mnv2/2 = kBT = (hk/2π)2/2 mn; k = 2π/λ = mnv/ (h/2π)

Energy (meV) Temperature(k) Wavelength (nm)

Cold 0.1 – 10 1 – 120 0.4 – 3

Thermal 5 – 100 60 – 1000 0.1 – 0.4

Hot 100 - 500 1000 - 6000 0.04 – 0.1

Neutrons have both Particle-like and Wave-like Properties

Room temperature ~ 25 meV ~ 0.18 nm ~ 2200 m/s
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CsZrMnSOCLiH

X-rays

neutrons

Neutrons see the NucleiNeutrons see the Nuclei
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n1 + U235 2 fission fragments + 2.5n1 + 200 MeV

generates 1.5 x 1018 neutrons/sec in the whole reactor volume

1 neutron to maintain 
chain reaction

1 neutron escapes & is 
available for use

0.5 neutrons absorbedthermal

Example:  20 MW Research Reactor

No. of fissions/sec   = 20 x 106 watts
200 MeV/fission

=   6 x 1017 fissions/second

2 to 3 neutrons1 neutron

a. Fission Reactions
How do we produce neutrons?
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Thermal Neutron Fission  
ν ~ 2.5

5 x 1018 fast neutrons/sec 
generated at 58 MW

Swimming Pool Reactor
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Reactor Spectrum

EPITHERMAL 200 meV < E< 500 keV Slowing Down 
or

1/E Region  
Φ (E)dE =  

Φ epi

E
.dE

FAST E > 500 keV & extending to ~ 10 MeV

  Φ (E)dE =  Φ f exp - E sinh 1 2(2E) dE

THERMAL E< 200 meV
Maxwell-Boltzmann

Region  
Φ ( E ) dE =  Φ th

E
k B T

exp −
E

k B T
.dE

Fission Spectrum
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Flux Distribution around ILL Core

58MW            93% U235

Thermal
1.2 1015 n/cm2/s
Epithermal
8 1013 n/cm2/s
Fast
2.5 1014 n/cm2/s

Fuel Element
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Hot Source

D2O Reflector
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~40 instruments operating: 12 diffractometers
12 spectrometers
6 nuclear physics 

10 special instruments

ILL Instrument Layout
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(iii) Spallation with Protons

3. Evaporation

Up to 40 neutrons 
per incident proton

2. Inter Nuclear Cascade

1. Internal Cascade

b. Artificially accelerated particles
How do we produce neutrons?
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• Construction 
completed May 2006

• Room for eventual 25 
instruments 
spanning physics, 
chemistry, biology, & 
materials science

• SNS will become the 
world’s leading 
facility for neutron 
scattering

• Upgradeable to 
higher power, 2nd 
target

The Spallation Neutron Source
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Linear Accelerator
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Mercury Target

Target installed on carriage

Inflatable seals tested

Mercury loaded in December

Hg flow tests completed
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You can teach the robots anything…. 
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Monolith – October 2004
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FissionFission
chain reaction
continuous flow
1 neutron/fission
180 MeV/neutron

SpallationSpallation
no chain reaction
pulsed operation 
40 neutrons/proton
30 MeV/neutron

How do we produce neutrons?How do we produce neutrons?
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Reactors have reached the limit at which heat can be removed from the core
Pulsed sources have not yet reached that limit and hold out the promise of higher 
intensities

Higher neutron Fluxes?
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What do we measure?
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What do we measure?
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Inelastic coherent scattering measures correlated motions of atoms

Inelastic incoherent scattering measures self-correlations, e.g., diffusion

What information do we get?
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Determining the Wavelength
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Differences between TOF and steady-state
Steady-state
- uses single wavelength
- bandwidth (bw) = resolution width (res)
- range of data requires multiple angles

TOF
- uses range of wavelengths
- bandwidth (bw) >> resolution width (res)
- range of data at single angle
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Diffraction instruments

Reactor

Spallation source
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Inelastic instruments

Reactor

Spallation source
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Triple Axis Instrument at HFIR
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SNS Backscattering Spectrometer
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Major Facilities in North America
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