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Properties of neutrons
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Neutrons are

- Electrically neutral

- Isotope-sensitive

- Spin sensitive

- Motion sensitive

Wave–particle duality (DeBroglie)



Neutron energies

■ Typical fission energies: 1-2 MeV are too high for practical applications
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– hot neutrons:

moderated at 2000C

0.1-0.5 eV, 0.3-1 Å, 10 000 m/s

– thermal neutrons:

moderated at 40°C

0.01-0.1 eV, 1-4 Å, 2000 m/s

– cold neutrons:

moderated at -250°C

0-0.01 eV, 0-30 Å, 200 m/s

Spectral distribution of neutrons at FRM II



Neutrons vs. X-rays
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Particle wave

Mass

Spin ½

Magnetic dipole moment

Neutrons interact with the nucleus

Scattering power independent of 2θ

Electromagnetic wave

No mass

spin 1

No magnetic dipole moment

X-ray photons interact with the

electrons

Scattering power falls off with 2θ



Neutron scattering length
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Advantages of neutron scattering
The energy of thermal 

neutrons is in range of meV

Neutrons are deeply 

penetrating into the matter

Neutrons interact with 

nucleous (strong force 

interaction)

The  wavelength  of thermal 

neutrons is similar to 

interatomic spacings. Neutron 

scattering length not 

depending on momentum 

transfer (sin()/).

Neutrons weakly perturb the experimental 

system, i.e. non-destructive.

Studies of bulk samples or processes under 

realistic conditions (in complex 

environments).

Neutrons can localize light atoms (e.g. 

hydrogen, lithium) in the presence of heavier 

ones and to distinguish isotopes (additional 

contrast) and neighboring elements from 

Periodic Table. Accurate Debye-Waller 

(displacement parameter) determination.

Details of the crystal structure. Studies of

bulky samples – better particle average. 

Accurate lattice parameters and atomic

coordinates, effects of microstructure.



Diffraction on powders and single crystals
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Elastic scattering on crystal lattice
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Concept of scattering density

„Diffraction is not measuring atomic positions, but periodic scattering

densities averaged in time and space“

Example: crystal structure of LiBr Simulated electron densities
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Electron vs. Nuclear densities

(X-ray vs. Neutron diffaction)

Simulated electron densities Simulated nuclear densities



Elastic scattering on crystal lattice
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Structure

amplitude

Occupation

factor

s=sin(hkl)/
Total number

of atoms

Temperature

factor

Scattering

factor

x=[x,y,z]
h=[h,k,l]

𝑡𝑗 𝑠

𝑓𝑗 𝑠B=1 Å2

B=10 Å2

Intensity damping Scattering factor



Limitations of diffraction
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Since Fhkl is an amplitude

Ihkl ~  |Fhkl|
2

In general, F is imaginary ........ 

so

F = A + iB

and   

F*F = (A - iB) (A + iB) 

2. Phase problem

1. Time and space(volume) 

averaged information

3. Resolution effects 2sin()/=1/dmin

limited info on F(Q) → 

limited accuracy for s(x)!
A. Blake, W. Clegg, et al.; IUCr Book Series, 

Oxford University Press (2009) 



Schematics of two-axis diffractometer
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Reactor flux Diffraction signal in space



Neutron diffraction (time-of-flight)
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Pulsed source peak flux

t – time of flight

L – total flight path

sin – diffraction 

angle

dhkl – lattice d-

spacing

• We are measuring d, so two variables, 

and ;

• In lab X-ray diffraction,  is constant, 

variable;

• In time-of-flight (t.o.f),  is constant, 

variable;



Neutron powder diffraction (time-of-flight)
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mv
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where m, v = mass, velocity of neutron

L = length of flight path t = time of flight of neutron

t

L
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L is a constant for the detector, h, m are constants so:

t  d

d-spacings are discriminated by the time of arrival of the neutrons at the 

detector

Combining:

Use many separate detectors and sum the counts recorded in each to 
measure I(Q) with good counting statistics in less time



Single Crystal Diffraction Activities at MLZ
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