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Conventional (white beam) Imaging
- White beam

- Attenuation contrast

Advanced (wavelength resolved) Imaging
- Wavelength resolved imaging

- Attenuation contrast
- Dark-field contrast
- Polarized neutron imaging

- White beam polarized neutron imaging
- White beam diffraction imaging
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Requirements: - high flux

- large well defined FOV
- spatial homogeneity
- spectral homogeneity
- large detector .
- fast detector
- high resolution detector
- save shielding

Diffraction regime SANS regime
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Requirements: - high flux
- large well defined FOV
- spatial homogeneity
- spectral homogeneity
- large detector .
- fast detector
- high resolution detector
- save shielding
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Requirements: - high flux
- large well defined FOV
- spatial homogeneity

- spectral homogeneity :

- large detector . @ ‘ !
- fast detector

- high resolution detector

- save shielding

Source Collimator Object Detector

CONRAD@HMI
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Advanced (wavelength resolved) Imaging
- Wavelength resolved imaging

- Attenuation contrast
- Dark-field contrast
- Polarized neutron imaging

- White beam polarized neutron imaging
- White beam diffraction imaging
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- Wavelength resolved imaging

- Waﬁeléw&?\c’rc&rgﬁ‘@&iﬁnaging

- Energy selective

- Attenial i ptiget

- Dark-field contrast
- Polarized neutron imaging
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Energy resolved imaging spaLLATON
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- Wavelength resolved imaging
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- Wavelength resolved imaging 72
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Phase Imaging

Topography Because:

Phase shift A dependent
Refractive index A dependent
Precession angle A dependent
Scattering vector A dependent
SANS A dependent

Bragg scattering A dependent
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- Wavelength resolved imaging

- Monochromatic
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Attenuation coefficient, T [cm‘1]
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Energy Dispersive

- Monochromatic
- Energy selective
- Energy dispersive
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Attenuation coefficient, = [cm'1]
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Energy Dispersive
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- Wavelength resolved imaging = INSTRUMENTATION (cont.)

CCD detector

neutron Instrumentation

monochromatic beam

crystals . .
rotation + tilt
stage
Applicable to: monochromatic - energy selective — energy dispersive CCD detector
energy selector sample

monochromatic beam
rotation + tilt
stage
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Wavelength resolved imaging —=> INSTRUMENTATION

Rotation table
(monochromator)

Translation table

Monochromatic
beam

(analyzer)

monochrom:

Polychromatic
beam

Translationtable
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- Wavelength resolved imaging

pulsed beam

> INSTRUMENTATION (pulsee

EUROPEAN
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rotation + tilt
stage

Applicable to:

monochromatic - energy selective — energy dispersive

pulsed beam

time resolving detector

rotation + tilt
stage
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- Wavelength resolved imaging 9INSTRUMENTATION

| ' ‘ /E | time resolving detector
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INSTRUMENTATION (pulsed)
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Source Collimator Object Detector

Guide

JSER

Del_ende_small [Del_ende_smoll ]
X0=-0.000484181; dX=7.06082; Y0=-0.000538469; dY=7.06144;
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- Wavelength resolved imaging > INSTRUMENTATION (pulsec

pulsed beam
rotation + tilt

pulsed neutron imaging

- High flux

- Large size

- High spatial resolution

- High time resolution

—> detector requirement conflicts

A. Tremsin et al.
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Monochromators for Imaging:

- crystal monochromators

- velocity selectors

- choppers

-> homogeneity requirement conflicts
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—> detector requirement conflicts

A. Tremsih et al.
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Monochromators for Imaging:

- crystal monochromators

- velocity selectors

- choppers
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- Wavelength resolved imaging —=> INSTRUMENTATION
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Diffraction regime SANS regime
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- Wavelength resolved imaging

- Attenuation contrast
- Dark-field contrast
- Polarized neutron imaging
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What about small angles?

e.g. refraction

Postion [pouels)
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Grating Interferometer monochromatic

| |

phase grating detector

source gratin . .
& & absorption grating

F. Pfeiffer et al. Phys. Rev.Lett. 96, 215505 (2006)
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M. Strobl et al. PRL (2008)
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Refractive index: phase absorption magn. phase
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p=—k[5(Vdz g/t

K.M. Podurets et al. Zh. Tekh. Fiz. 67 (1994)

M. Strobl et al., APL (2007)
Ch. Gruenzweig et al. APL (2008)



Dark field contrast
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Polarizer = Precession Arm 1 Precession Arm 2 Analyser  Sample Detector
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R. Gahler @ PNCMI 2006
W. G. Bouwman et al. Phys. B (2009).



Dark-field contrast - Spin-Echo modulation % sPaLLATON

Polarizer = Precession Arm 1 Precession Arm 2 Analyser  Sample Detector

L1 : L2

SSE _ cX\’Ls(B — By) _(ALg
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T tan (90 B

M. Strobl et al. J. Appl. Phys. (2012).
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Dark-field contrast - Spin-Echo modulation
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»  Simulation, Sine fit period=74
O Measurements, Sine fit period=74
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- Wavelength resolved imaging

- Attenuation contrast
- Dark-field contrast
- Polarized neutron imaging
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CCD detector

polarizer analyser

rotation + tilt
stage

I(x,y) =Ig(x,y)-exp(~ [o-ds) [Pl=1 = |P|=
path
or
o= J- ﬂmnyanS
pan M IP[=1 = |P|=0
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CCD detector

polarizer analyser

rotation + tilt
stage

I(x,y)=lp(x.y)-exp(~ [ods) [Pl=1 > [P|=1
path
or
o= J- ﬂmnyanS
pan IPl=1 = |P|=0
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Imaging with polarized neutrons

monochromatic cCD detector
e beam
! stop polarizer analyser

PCG monochromatic beam

crystals . .
rotation + tilt
stage

1(x,y) = 1o (x,y)-exp(~ ja-ds)é(ncosco(x,y)) [Pl=1 = 0<|P[<1
path

o= J- imnyanS

path
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N. Kardjilov, I. Manke, M. Strobl et al. (2008)
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M. Strobl, A.S. Tremsin, R Dalgliesh et al. @ Crisp, ISIS

Q= J.Mi/anS

path

Quantification requires/possible through energy dispersive imaging

M. Strobl et al. Phys B (2009 und 2011)
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Conventional (white beam) Imaging
- White beam

- Attenuation contrast

Advanced (wavelength resolved) Imaging
- Wavelength resolved imaging

- Attenuation contrast
- Dark-field contrast
- Polarized neutron imaging

- White beam polarized neutron imaging
- White beam diffraction imaging
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White beam diffraction imaging S. Peetermans et al., The Analyst (2014)
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M. Strobl

Head of Neutron Imaging and Applied Materials Group (NIAG) at PSI
Prof. X-ray and Neutron Imaging Techniques (NBI, KU)

Lund Imaging School, Oct. 2018




