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Neutron cross section components

µ(l)=ns
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Microscopic neutron cross section:

Macroscopic neutron cross section:

n – concentration of centers interacting with neutrons 
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Bragg‘s law

“We find the angle at which a monochromatic beam of X-rays of known 

wavelength is reflected by the various faces of the crystal. Reflexion takes place 

only when the relation

nl=d sin θ

is satisfied, and so the spacing d of the planes parallel to any face under exam-

ination can be found by measuring the angle θ…. “



Total neutron cross section for different polycrystalline materials

2dhklsinθ=l
2dhklsin90°=l
2dhklsinθ< l

Josic, L., Lehmann, E., & Kaestner, a. (2011). Nucl. Instruments Methods Phys. Res. 651, 166–170.



Total coherent elastic cross section for isotropic polycrystal:

Total coherent elastic cross section for textured crystal:

Total coherent elastic cross section for single crystal:



Energy resolved neutron imaging at continuous sources

• Neutron source
• Monochromator (double crystal monochromator or/and velocity selector)
• Detector

Energy resolved neutron imaging at pulsed neutron sources

• Neutron source
• Detector



Energy resolved neutron imaging at pulsed neutron sources

- time of flight (TOF) approach



Energy resolved neutron imaging at continuous neutron 

sources



In-situ neutron imaging of phase transition at continues 

neutron sources using monochromatic beam



Applications

• Phase mapping

• Stress / strain mapping

• Texture analysis

• Grain reconstruction



Bragg edge patterns for anode supports with different  
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3D monochromatic neutron imaging
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In-situ neutron imaging of red–ox cycling (at 800⁰C) of anode supports 

for SOFC (BOA at PSI, Switzerland)
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Phase transition in steel

R. Woracek, D. Penumadu, N. Kardjilov, A. Hilger, M. Boin, J. 
Banhart, and I. Manke, “3D mapping of crystallographic 
phase distribution using energy-selective neutron 
tomography.,” Adv. Mater., vol. 26, no. 24, pp. 4069–73, Jun. 
2014.



Strain mapping

A. S. Tremsin, T. Y. Yau, and W. Kockelmann, “Non-destructive Examination 
of Loads in Regular and Self-locking Spiralock® Threads through Energy-
resolved Neutron Imaging,” Strain, vol. 52, no. 6, pp. 548–558, Dec. 2016.
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Texture mapping
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227, Jun. 2012.



Now last but not least – applications in cultural heritage

next talk of Francesco Grazzi



Data analysis

• Nxs: A program library for neutron cross section calculations
• Imaging Bragg Edge Analysis Tool for Engineering Structure – iBeatles
• RITS code: Microstructure retrieval and full pattern refinement

H. Sato, T. Kamiyama, and Y. Kiyanagi, “A Rietveld-Type Analysis Code for 
Pulsed Neutron Bragg-Edge Transmission Imaging and Quantitative 
Evaluation of Texture and Microstructure of a Welded α-Iron Plate,” Mater. 
Trans., vol. 52, no. 6, pp. 1294–1302, 2011.



In-situ phase analysis – averaging over ROI

4 min full red, whole sample 4 min full red,  small ROI

4 min full ox, whole sample 4 min full ox, small ROI



In-situ phase analysis – averaging over measurement time

3 min

4x3 min



Averaging over TOF frames

span 10span 4 span 20
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