NEUTRON GRATING
INTERFEROMETRY I

THEORY AND PRINCIPLES

Tobias Neuwirth
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diffractive imaging neutron radiography
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Why neutron grating interferometry? ﬂ MLZ
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L Outline

® |Interaction of neutrons with matter

® Principle of neutron grating interferometry

® Construction of an nGl

® Summary
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L Interaction of neutrons with matter v | MLZ
W= Aeikx W = L)‘J.e'kﬁ(xz X l}e‘ika(xz -X1)
| I
r » X

X1 X2 Vortex matter beyond SANS, T.

Absorption & Refraction Reimann, Thesis, 2017
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Interaction of neutrons with matter ¢ | MLZ

W

W (k;,r)=exp(ik 1) +exp L f (q)

r
Basic scattering function

0 .~ Vortex matter beyond SANS, T.
Reimann, Thesis, 2017

08/09/17

- heutron grating interferometry | - 81



e —

L Interaction of neutrons with matter ¢ | MLZ

W

4%

W (k;,r)=exp(ik 1) +exp L f (q)

r

Basic scattering function

0 Vortex matter beyond SANS, T.
Reimann, Thesis, 2017

For neutron grating interferometry the scattering we are interested in the
scattering under ultra-small-angles (USANS).
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L Interaction of neutrons with matter ¢ | MLZ

W

W, (k;,r)=exp(ikr)+exp“ f(q)

Voo Basic scattering function

0 Vortex matter beyond SANS, T.
Reimann, Thesis, 2017

For neutron grating interferometry the scattering we are interested in the
scattering under ultra-small-angles (USANS).

How do we analyse this scattering?
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L Interaction of neutrons with matter ¢ | MLZ

W, (k;,r)=exp(ikr)+exp“ f(q)

r

Basic scattering function

0 .- Vortex matter beyond SANS, T.
Reimann, Thesis, 2017

For neutron grating interferometry the scattering we are interested in the
scattering under ultra-small-angles (USANS).

How do we analyse this scattering?

(a) without a sample:

channel-cut Si (220)
parallel aligned

Bragg condition:
o fulfilled Vortex matter beyond SANS, T.

n unfulfilled Reimann, Thesis, 2017
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L Recap: Neutron radiogrphy j M’"—“‘l_z

Neutron radiography Geometric resolution

pinhole sample detector
InhQIQ

neutron
source

M —— te

« Analysis of the inner structure of a sample by analysing the
absorption

* Resolvable structure size limited by geometric resolution,
scintillator thickness and quality of the camera system
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Principles of a neutron grating interferometer . | MLZ

Neutron grating interferometer
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G, - splitting the beam

G;

AD=—)Nb_t
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G, - splitting the beam v | MLZ

G;

AD=—)Nb_t

« Phase shift of the neutron when passing through G, dependent on

the height of the grating and the wavelength of the neutrons
« Period of G, used in ANTARES = 8 pm
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L G, - splitting the beam

m-shifting phase grating
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L G, - splitting the beam f

m-shifting phase grating
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1/16 8/16 16/16
propagation distance [dr]

Contributions to the characterization of grating-based x-ray phase-
contrast imaging, M. Chabior, Thesis, 2011

A

 Generation of a Talbot-carpet after G,

« Odd fractional Talbot distances result in a intensity modulation
« Even fractional Talbot distances result in a phase modulation
« Intensity modulation has half the period of G, =4 ym
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L G2 - analysing the intensity modulation j MLZ
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G2 - analysing the intensity modulation

S MULZ
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G2 - analysing the intensity modulation . | MLZ

Detector

I\
L

Detector

« Intensity modulation generated by G, cannot be resolved with
standard imaging detectors
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L G2 - analysing the intensity modulation . | MLZ
.—l Heinz Majer-Leibitz Zentrum
G, G,
. \/
. e
=
e \/
= 8
. -‘ \/
|
. -
08/09/17 - neutron grating interferometry | -

8



i

L G2 - analysing the intensity modulation
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L G2 - analysing the intensity modulation j MLZ
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« By using an absorption grating (G,), with the same period as the

Interference pattern, the pattern can be analysed
« Period of G,used in ANTARES =4 pm
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GO - providing spatial coherence G | MLZ

Heinz Maier-Leibnitz Zentrum

(a) beam-splitter analyzer  (b)
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Contributions to the characterization of grating-based x-ray phase-contrast imaging, M. Chabior, Thesis, 2011

08/09/17 - neutron grating interferometry | - 241



GO - providing spatial coherence v | MLZ
(a) beam-splitter analyzer  (b)
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Contributions to the characterization of grating-based x-ray phase-contrast imaging, M. Chabior, Thesis, 2011

GO needed to keep a reasonable compromise between flux and
visibility
« Constructive overlap of the interference patterns
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Principles of a neutron grating interferometer . | MLZ

Neutron grating interferometer
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Performing measurements
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L Performing measurements (g ! MLZ
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L Performing measurements | MLZ

open beam sample .
<10 _Stepping scan
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2mX,

I(x,,m,n)=ay(m,n)+a,(m,n)cos p —¢(m,n)
 Movement of any of the three gratings
generates an intensity oscillation in every
pixel
« Analysis of the oscillation and
E |l comparison between open beam and
- sample allows to obtain information about

1 (10 gray levels) 1 (10 gray levels) . th e Sam p | e
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L Transmission oI MLZ

TI
G, G, 1.0
c |
2 L ERE
o= [ &) c
SE i E 0.5
2 = 9] ~
< . l ap
X i * >
L G, position _ 0.0
z wheat barley
aS
0
TI = —
dy

e Transmission image (TI) is equal to the image of monochromatic
radiography
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L Phase Contrast | MLZ
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 DPCI maps the gradient of the neutron phase introduced by the
sample

* Only sensitive perpendicular to the grating lines

« Currently rarely used in nGl as it delivers no additional information
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L Scattering Contrast ¢ | MLZ
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 DFI maps areas containing structures in the range of 100 nm to 15
um

« Contrast is generated by USANS destroying the interference pattern

 Also sensitive to scattering off magnetic structures
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Neutron Phase Imaging and Tomography, F. Pfeiffer
et al, Physical Review Letters, 2006

£ _of
Qeutron Dark-Field Tomography, M.Strobl et al, Physical Review Letters, 2008 /
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Examples for nGl measurements v | MLZ

Vortex matter beyond SANS, T.
Reimann, Thesis, 2017

/ with coatlng

without coatmg \
Forees ‘
l W =

11

1

039

08
07
086
05

04

——
| “Seal-s

03

02

Determination of Bulk Magnetic Volume Properties
by Neutron Dark-Field Imaging, Ch. Grinzweig et al,
10 WCNR, 2014
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Construction of an nGl

Euler cradle for G, & G,

Detector
(scintillator screen
nd CCD camera)

neutron
velocity selector
ANMA=10 %

collimator drum with
6 different collimators
Pinholes: 2 mm ..70 mm

(@) sputter
target

substrate
grating

(b)

99949

4 pm
Si substrate grating
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L Construction of an nGl j M"_‘“l_z
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Strong geometric constraints imposed by the nGl

Change of one component leads to a change in the whole setup
Correlation length defined by these geometric constraints
Positioning of the gratings key to good results
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Summary . BZ

23mp

: Lps

* nGIl (DFI) allows to look at USANS in samples, with which
structures in the range of 100 nm to 15 pm can be probed

« Magnetic structures can also be resolved by this, as neutrons
scatter on the domain walls

« Compared to normal USANS lower g-range, but allows for spatial
resolution
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Thank you for your attention!

Questions?
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