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Shearing Interferometer - DPC
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Neutron Interferometry = Quantum Mechanics
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To obtain phase sensitive images, measure:

Φ with a crystal interferometer (Bonse & Hart 1965)
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neutrons

refractive index
n = 1 - δ - iß

Phase sensitive imaging

To obtain phase sensitive images, measure:

Φ with a crystal interferometer (Bonse & Hart 1965)
∇Φ with differential phase contrast (Ingal 1995, Treimer 2003)

Φ a

∇Φ ~ α



Franz Pfeiffer – Neutron Phase Imaging

neutrons

refractive index
n = 1 - δ - iß

Phase sensitive imaging

To obtain phase sensitive images, measure:

Φ with a crystal interferometer (Bonse & Hart 1965)
∇Φ with differential phase contrast (Ingal 1995, Treimer 2003)
ΔΦ with in-line holography (Cloetens 1999, Allman 2000)

Φ
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Neutron Grating Interferometer

Idea: polychromatic detection of angles !
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Neutron Grating Interferometer

This setup works well with highly brilliant sources, but is not very 
efficient with spallation or reactor neutron sources or an x-ray tube !
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Higher efficiency with Talbot-Lau geometry

single slit
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Higher efficiency with Talbot-Lau geometry

double slit
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Higher efficiency with Talbot-Lau geometry

slit array/ grating

Decouples coherence from spatial resolution !
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Gratings for neutron applications

phase grating G1 absorption gratings G0/G2
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Fabrication (Si gratings)
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Fabrication (Si gratings)
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Fabrication (Si gratings)
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First neutron phase contrast results 

L/D ~ 250, exposure time per image: 10 sec, spatial resolution ~ 250 micron
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First neutron phase contrast results 

Phase stepping 
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First neutron phase contrast results 

L/D ~ 250, total exposure time ~ 100 sec, spatial resolution ~ 250 micron
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First neutron phase contrast results 

L/D ~ 250, total exposure time ~ 100 sec, spatial resolution ~ 250 micron

Quantitative 
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Absorption vs. Phase Contrast

real part of the refractive index δ=1-Re(n)
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Absorption vs. Phase Contrast

absorption phase shift
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Neutron phase contrast tomography

180 Phase Projections,
10 images á 10 sec

CT reconstruction:
δ(x,y,z) ~ bc(x,y,z),
512 slices
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Neutron phase contrast tomography
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Efficiency ?

Total exp. time:
100 sec (SINQ)
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Comparison to other methods

Method Measured 
quantity

Crystal 
Interferometer

Phase Ф •highest phase sensitivity
•mechanical instability
•monochromatic
•limited FOV (Crystals)
•low efficiency

Grating 
Interferometer

Fresnel
Propagation

Phase gradient 
∇Ф

•good phase sensitivity
•polychromatic
•large fields of view
•very efficient

•requires gratings

Laplace of phase 
ΔФ

•simple
•polychromatic

•low efficiency
•requires high resolution 
detector
•low phase sensitivity 
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The Future ?

3D domain structure ?
=> User instrument !
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