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Outline

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

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

IIl) DFI results of imaging bulk ferromagnetic samples
- Magnetic domain structures in 2D/3D
- Magnetic domain structures and “saving”™ energy
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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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Midi setup

Image Tomography
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Micro setup
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Sample size 10mm X 13mm X 18mm Voxel size 13.5um?



How neutron imaging explores time
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How neutron imaging explores time scales
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Dynamic Neutron Radiography

fired 64ccm two-stroke engine @ 10'000rpm
STIHL TS 400
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How neutron imaging explores energy
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How neutron imaging explores energy
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Length scales and techniques

Real space

Reciprocal space
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Neutron grating interferometry (nGl)
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Coherence requirements: spatial coherence
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Coherence requirements: spatial coherence
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spatial coherence length
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Higher efficiency with the source grating

single line

 ’/§

I 1
double line

|

slitarray Q| — ———mn A —— ———
= B — = /?vé

source grating B

I _____ 7 :‘ -
. E— ¢ Z} =1

|
%

C RS Christian Griinzweig - Neutron Imaging

Zug, 13/08/2014



Grating interferometry: principle
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Grating interferometry: principle
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Magnetism: Why using neutrons?

Some properties of the neutron:

- No electric charge

- Interaction only with the nuclei
- Dreutron = 1X10-15om >(_=> penetration of bulk materials
gnuclei = 1x10m

Do = 1x1010m

- Magnetic moment: — makes it sensitive to magnetic fields
— interaction with magnetic moment of unpaired electrons
of the atomic shell (same order as nuclear interaction)

@action with magnetic ma@
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Refraction of unpolarized neutrons at domain walls
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Refraction of unpolarized neutrons at domain walls
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Refraction of unpolarized neutrons at domain walls
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Magnetic contrast: Dark-field image (DFl)
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Magnetic contrast: Dark-field image (DFl)

SuUuoJlnau

absorption
beam splitter grating analyzer
= grating
phase grating
> —
—_ S
Jd
- O
g  -} q)
Jd
— ©
= I N [®)
< =
> @)
©
s — =

interference pattern

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



Magnetic contrast: Dark-field image (DFl)
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Magnetic contrast: Dark-field image (DFl)
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Magnetic contrast: Dark-field image (DFl)

Principle:
Unpolarized neutrons refracted at domain walls

are locally destroying the interference pattern
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Phase stepping analysis
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Phase stepping analysis
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Phase stepping analysis
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Phase stepping analysis
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Phase stepping analysis
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Phase stepping analysis
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Phase stepping analysis
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Phase stepping analysis
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Neutron grating interferometry: the setup
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Experimental results: <100> FeSi(3%), 400 um thick

transmission DFI

{0.3 10.3
{0.2 10.2
{0.1 10.1
lo {0

C. Griinzweig, C. David, O. Bunk, M. Dierolf, G. Frei, G. Kiihne, magnetic field #0 P
J. Kohlbrecher, R. Schafer, P. Lejcek, H. Rgnnow, and F. Pfeiffer.

Neutron decoherence imaging for visualizing bulk magnetic domain structures.

Phys. Rev. Lett. 101, 025504 (2008).
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Magnetization process
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Ramping of magnetic field
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Magnetization process

42 mT
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Outline

lIl) DFI results of imaging bulk ferromagnetic samples
- Magnetic domain structures in 2D/3D
- Magnetic domain structures and “saving” energy
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http://www.chip.de/bildergalerie/Die-13-schoensten-Eier-legenden-Wollmilchsaeue-Galerie_20206671.html?show=9

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

transmission DFI

10.2

.

C. Grunzweig, C. David, O. Bunk, M. Dierolf, G. Frei, G. Kilhne, R. Schafer, S. Pofahl,
H. Rgnnow, and F. Pfeiffer.

Bulk magnetic domain structures visualized by neutron dark-field imaging.

Appl. Phys. Lett. 93, 112504 (2008).
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MOKE measurements: Verification of the DFI

MOKE schematical map
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Tomography of magnetic domains

theory predicts: Wb ~RV/ D
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Tomography of magnetic domains
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I. Manke, N. Kardjilov, R. Schafer, A. Hilger, M. Strobl, M. Dawson,
C. Griinzweig, G. Behr, M. Hentschel, C. David, A. Kupsch, A. Lange, J. Banhatrt.
Three-dimensional imaging of magnetic domains.
Nature Communications 1 (8), p.125 (2010).



Deterioration effects in NO steel laminations

Non-oriented (NO) electrical steel have :
* isotropic domains

e domains size ~ 5 um

and used e.g. in electrical motors/generators

Thickness: 300 mm
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Deterioration effects in NO steel laminations
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Summary I. classical neutron imaging

Neutrons Dynamic Neutron Radiography
fired 64ccm two-stroke engine @ 10°000rpm
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Summary ll: neutron grating interferometry

Imaging bulk magnetic domain structures
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Announcement: open PhD position

PAUL SCHERRER INSTITUT
ﬁ}

The Paul Schemer Institute, P51, is with 1500 employees the largest research centre for natural
and enginesring sciences within Switzerand. We perform world-class research in three main
subject areas: Matter and Material; Energy and the Environment; and Human Healkh. By
conducting fundamental and applied research, we work on leng-term solutions for major
challenges facing society, industry and science.

The Laboratory for Neutron Scattering and Imaging (LMS) at the Paul Schemer Institute operates
the neutron scattering and imaging instruments at the Swiss Spallation Neutron Source SING.
The members of the LM5 conduct a strong in-house research program with special emphases on
strongly commelated electron systems, magnefism, superconductivity, material science and soft
condensed matter.

For the Meutron Imaging and Activation Group (MIAG) at the LNS we are looking for a
PhD Student

in Neutron Grating Interferometry

Research Project on superconducting domains and porous media

Meutron grating interferometry (nGl) was developed over the past years at PS5l and is now an
important neutron imaging technique. Especially the dark-field image (DFI} provides spatially
resolved 2D scattering information with comelation lengths ranging from the nm o the pm scale.
The DFI is therefore an excellent experimental tool delivering real-space insights imto bulk
magnetic and superconducting domain structures.

The goal of the PhD project is to extend the DF| towards a guanfifative 2D scattering technigue
for the study of superconducting domains and porous media. You will perform nGl experiments at
SINGQ and at other institutes in Europe, and develop high-precision experimental egquipment. You
will use cryo-magnetic and pressure sample environment and leam how to analyse complex
imaging data.
Your tasks

» Adapting the grating interferometer setup for quantitative DFI

= Study and quantify the coherence lengths in superconducting domain systems

= Quantification of porosities in porous media
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Announcement: open Master project

STARTSEITE
PAUL SCHERRER INSTITUT

=

UBER DAS PS5l KONTAKT MEDIACORMER SITEMAP QUICKLIN

OFFENTLICHKEIT & MEDIEN  SCIENTISTS & USERS

Entdecken und Erforschen For the scienfific community

INDUSTRIE & WIRTSCHAFT

Transfer und Zusammenarbeit

Laboratory for Neutron Scattering and Imaging

PS5l Home = Research with Neutrons and Muons (MUM) » Laboratory for Neutron Scattering and Imaging » Teaching and Education = Master/Diploma thesis

About LNS

Peaple

Groups
Instrumentation
Research

Scientific Highlights
Publications

Teaching and Education

Master/Diploma thesis
Bachelor/Semester work
Training

Open Positions

Events

MNews Archive

Positions for Master's theses

AUSBILDUNG & STELLEM VERAMNST

Investigation of domain systems in type-II superconductors by neutron dark-field

imaging

The neutron grating interferometer (nGl) technigue developed over the past years at PSI gained rapidly in interest in the
neutron imaging and scattering community. In particular the dark-field image (DFI) contrast providing spatially 2D
resolved scattering images with correlation lengths ranging from the nm to the pm regime. The DFI moved into the focus
of current ongoing research activities delivering so far insight into bulk magnetic and superconducting domain structures.
For your project you will perform nGl expariments at PS1 and at other institutes in Europe. You will learn to work with
grating interferometer setups and performing experiments using cryo-magnetic sample environments. This master project

can be continued with a follow-up PhD work.

Contact Persons:

Dr. Christian Grunzweig (christian. gruenzweig@psi.ch), 056 310 4662
Prof. Dr. Christian Ruegg (christian.rueeqai@psi.ch), 056 310 4773
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Ihank veur ter the alttention !

http://www.psi.ch/niag/
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