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Organization

Visit FRM II : 21.12.2015

10:15 – 13:00 (after the lecture)

Valid ID necessary!!!

Exam (after winter term)

Registration: via TUM-Online between 16.11.2015 – 15.1.2015

Email: sebastian.muehlbauer@frm2.tum.de for date arrangement

30min oral exam
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3. Basic Neutron Scattering Theory

Assume a large sample with statistically variations of bj

3.3 Reminder: Coherent and incoherent scattering

No correlations among b:

Double differential crosssection spilts up into two terms:
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3. Basic Neutron Scattering Theory

3.3 Reminder: Coherent and incoherent scattering

Coherent Incoherent

Interference effects:

Given by average of b
Bragg scattering

Constant in Q

Given by variations 
in b due to spin, 
disorder, random 
atomic motion....

Spatial and temporal correlations 
between different atoms

Spatial and temporal correlations 
between the same atom
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3. Basic Neutron Scattering Theory

Reminder: 4.1 Elastic scattering from a single crystal

Final result for elastic coherent scattering on crystals

Normalization Debye-Waller Structure factor Bragg positions
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3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography

Nomenclature rotation axes Examples: Screw axes
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3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography

Euler rules: Combination of roations
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3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography: 32 Point groups
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3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography

Point groups: examples
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3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography: Point groups & Laue classes



Physics with Neutrons I, WS 2015/2016, Lecture 7, 30.11.2015

3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography: Laue classes, Friedels law

Silicon single crystal, cubic, fcc, 
[111], three fold

Laue forward scattering
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3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography: 7 crystal classes



Physics with Neutrons I, WS 2015/2016, Lecture 7, 30.11.2015

3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography: 14 Bravais Lattices
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3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography: 

320 space groups
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3. Basic Neutron Scattering Theory

4.2 Appetizer Crystallography: 

International tables of crystallography
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3. Basic Neutron Scattering Theory

4.3 Diffraction: Monochromatic vs. TOF vs. Laue

Monochromatic
beam

Time-of-flight
(TOF)

Laue (polychromatic 
beam)

Ewald construction
Less intensity
Rocking curve gives 
intensity of Bragg peak
Clean data

Ewald construction for 
each wavelength in the 
beam
Rocking curve distributed 
in time and detector
Waste less neutrons 

Essentially white beam
More Bragg peaks (not 
stronger)
Hard to get intensities
Large background 
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3. Basic Neutron Scattering Theory

4.3 Diffraction: Ewald construction for single crystal diffraction

Ewald construction:

Sphere around center of crystal 
(in real space)

Origin of reciprocal space on  
transmitted beam at the edge 
of Ewald sphere

Rotation of crystal (real space) 
corresponds to a rotation of 
reciprocal space
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3. Basic Neutron Scattering Theory

4.3 Diffraction: Ewald construction including resolution effects

Mosaic spread of the sample (no perfect crystal)

Finite spread of incoming beam (wavelength spread)

Finite collimation of the incoming beam

Ewald construction for real samples: Fuzzy sphere
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3. Basic Neutron Scattering Theory

4.3 Diffraction: Crystal rotation method

Solution: Measurement of integrated intensity and 
not peak intensity

Fuzziness integrated out

Rocking scan
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