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Length scales and „neutron“ techniques 
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Outline 

   I)  Classical Neutron Imaging 
 - Comparison of X-ray and neutron interaction with matter 
 - Length scales: Field of view and image resolution  
 - Exploring time and energy     

   
   
 II)  Neutron grating interferometry (nGI)  

 - The setup and working principle 
 - Refraction of unpolarized neutrons at magnetic domain walls 
 - Magnetic contrast: Dark-field image (DFI)  

 
 
III)  DFI results of imaging bulk ferromagnetic samples 

 - Magnetic domain structures in 2D/3D 
 - Magnetic domain structures and “saving” energy  
  

 
V)  Summary 
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X-rays vs. neutrons 
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X-rays vs. neutrons 

Neutrons 
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X-rays vs. neutrons 
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Elements vs. X-rays 
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Elements vs. neutrons 
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Swiss army knife: X-ray vs. neutrons 
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Swiss army knife: 3D lubricant distribution 
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Object dimensions vs. resolution 
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Maxi setup 
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Micro setup 
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How neutron imaging explores time 
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How neutron imaging explores time scales 
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How neutron imaging explores energy 
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How neutron imaging explores energy 
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Outline 

   I)  Classical Neutron Imaging 
 - Comparison of X-ray and neutron interaction with matter 
 - Length scales: Field of view and image resolution  
 - Exploring time and energy     

   
   
 II)  Neutron grating interferometry (nGI)  

 - The setup and working principle 
 - Refraction of unpolarized neutrons at magnetic domain walls 
 - Magnetic contrast: Dark-field image (DFI)  

 
 
III)  DFI results of imaging bulk ferromagnetic samples 

 - Magnetic domain structures in 2D/3D 
 - Magnetic domain structures and “saving” energy  
  

 
V)  Summary 
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Length scales and techniques 
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the source grating: Gd lines on 4’’ quartz wafer  
                                 p = 1076 µm ; h = 20 µm   
     => 0.001% transmission @ 4 Å 
 

the phase grating: p = 8 µm ; h = 37 µm 

h 

p 

Silicon (500 µm) 
99,9 % transmission @ 4 Å the absorption grating: p = 4 µm ; hGd = 9 µm 

silicon 

Gadolinium 
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single slit 
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spatial coherence length 
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Grating interferometry: principle 
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Grating interferometry: principle 

beam splitter grating 
= 

phase grating 

interference pattern  

absorption 
analyzer  
grating 

im
ag

in
g 

de
te

ct
or

 

source 

angular sensitivity: 0,005 rad 
 

corresponding q-range: 1,5x10-4 Å-1 
 

correlation length: 100nm - 10µm 
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Magnetism: Why using neutrons? 

Some properties of the neutron: 
 

 
- No electric charge 
- Interaction only with the nuclei 
- Øneutron ≈ 1x10-15 m                                                => penetration of bulk materials  
   Ønuclei   ≈ 1x10-14 m  
   Øatom    ≈ 1x10-10 m 
 
 
- Magnetic moment: → makes it sensitive to magnetic fields  

       → interaction with magnetic moment of unpaired electrons  
           of the atomic shell (same order as nuclear interaction) 
 
 => interaction with magnetic materials  

 
 

 
-   
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Refraction of unpolarized neutrons at domain walls 

→ 
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Refraction of unpolarized neutrons at domain walls 

• Refraction of unpolarized neutrons is described by the Schrödinger equation with a spin-    
  dependent potential, which depends on the average homogeneous magnetic induction B 
 
• Domain walls are considered as plane parallel plates and regarded as infinitely thin 
 
• Refraction angles are given by the two refractive indices of the adjacent media  
 
  => Analogy to the Snell’s law in optics           n1sinΘ2 = n2sinΘ1       k1sinΘ2 = k2sinΘ1 
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Refraction of unpolarized neutrons at domain walls 

≈ mrad 
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Magnetic contrast: Dark-field image (DFI)   

 
Principle: 

 
Unpolarized neutrons refracted at domain walls 

 
are locally destroying the interference pattern 
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DFI 

Experimental results: <100> FeSi(3%), 400 μm thick  

magnetic field = 0 !  magnetic field ≠ 0 ? 

transmission 

10 µm 

C. Grünzweig, C. David, O. Bunk, M. Dierolf, G. Frei, G. Kühne, 
J. Kohlbrecher, R. Schäfer, P. Lejcek, H. Rønnow, and F. Pfeiffer. 
Neutron decoherence imaging for visualizing bulk magnetic domain structures. 
Phys. Rev. Lett. 101, 025504 (2008). 

DFI 



Christian Grünzweig - Neutron Imaging  Zug, 13/08/2014  

Magnetization process 

H 

B 



Christian Grünzweig - Neutron Imaging  Zug, 13/08/2014  

Ramping of magnetic field  

12mm 
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Outline 
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Existing observation techniques for magnetic structures 
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http://www.chip.de/bildergalerie/Die-13-schoensten-Eier-legenden-Wollmilchsaeue-Galerie_20206671.html?show=9


Christian Grünzweig - Neutron Imaging  Zug, 13/08/2014  

Magnetic domain structures 
 <110> FeSi(3%), 300 μm thick  

transmission DFI 

C. Grünzweig, C. David, O. Bunk, M. Dierolf, G. Frei, G. Kühne,  R. Schäfer, S. Pofahl,  
H. Rønnow, and F. Pfeiffer. 
Bulk magnetic domain structures visualized by neutron dark-field imaging. 
Appl. Phys. Lett. 93, 112504  (2008). 



Christian Grünzweig - Neutron Imaging  Zug, 13/08/2014  



Christian Grünzweig - Neutron Imaging  Zug, 13/08/2014  

MOKE schematical map 

MOKE measurements: Verification of the DFI 
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DWb ≈theory predicts: 

Tomography of magnetic domains 
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Tomography of magnetic domains 
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I. Manke, N. Kardjilov, R. Schäfer, A. Hilger, M. Strobl, M. Dawson,  
C. Grünzweig, G. Behr, M. Hentschel, C. David, A. Kupsch, A. Lange, J. Banhart. 

Three-dimensional imaging of magnetic domains. 
Nature Communications 1 (8), p.125 (2010). 
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Deterioration effects in NO steel laminations 
Non-oriented (NO) electrical steel have : 

• isotropic domains 

• domains size ~ 5 µm 

and used e.g. in electrical motors/generators  

Thickness: 300 mm  
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DFI at 1500 A/m 
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4 different types of cutting: 
• punch press (one side) 

• mechanical shear 

• Disc-laser 

• CO2-laser 

Deterioration effects in NO steel laminations 

Due to the cutting process,  
magnetic properties are influenced ! 

-> Increasing the efficiency of electical maschines 
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Summary I: classical neutron imaging 
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Imaging bulk magnetic domain structures 

Summary II: neutron grating interferometry 

Improving electrical machines 
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Announcement: open PhD position 
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Announcement: open Master project 
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http://www.psi.ch/niag/ 
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