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Neutron imaging gained recently a high importance in material sciences and 
fundamental research TOF - imaging 

Dark-field imaging 

Diffraction - imaging 

Engeneering 

Santisteban, J. R., et al.,  
Appl Phys a-Mater (2002) 74 

Nature Physics 4 (2008)  Materials Today 13 (2010)  

Lehmann, E. H., et al.,  
NIMA(2009) 603 

Manke, I., et al.,  
Nature Communications (2010) 1 

Kardjilov, N., et al.,  
Materials Today (2011) 14 

Magnetic imaging Materials science 

Objectives 
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Zr-alloy weld: different 
grain structures result in 
large differences in 
transmission spectrum 

A. Tremsin et al,  
presented at WCNR-9 

Residual stress 

Task 3 (HZB, TUM, PSI) 

New contrasts – Bragg-edge maping 

R. Woracek et al, JAP 109 (2011) 
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•Different high-resolution imaging 
projects at different centers. 

• The limits of the imaging 
detectors are still not achieved. 

• There is need to adapt high-
resolution detectors to the new 
methods. 

• The desired resolution of below 
10 µm is in the order of features 
detected by scattering methods. 

Task 2 (HZB, TUM, PSI, TUD, NPI) 

High-resolution neutron imaging 

2 mm 

PSI TUD 

HZB TUM 
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Task 1 (PSI, HZB, TUM) 

Grating interferometry 

Overlapping between imaging and scattering 

C. Grünzweig et al, Rev. Sci. Instr. 79 (2008) 
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Absorption Dark-field Tomography 

Task 6 (PSI, HZB, TUM) 

Grating interferometry 

Overlapping between imaging and scattering 

C. Grünzweig et al, Rev. Sci. Instr. 79 (2008) 

C. Grünzweig et al, PRL (2008) 
I. Manke et al, Nat. Comm. (2010) 
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MSANS 

structural and magnetic features 
between 1 µm and 30 µm. 

Task 6 (PSI, HZB, TUM) VSANS (HZB), TPA (LLB) 

Grating interferometry 

Overlapping between imaging and scattering 

Absorption Dark-field Tomography 

C. Grünzweig et al, PRL (2008) 
I. Manke et al, Nat. Comm. (2010) 

C. Grünzweig et al, Rev. Sci. Instr. 79 (2008) 
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Overlapping between imaging and scattering 

1 nm 10 nm 100 nm 1 µm 10 µm 100 µm 1 mm 

Neutron  
Imaging 

SANS 

USANS 
VSANS 

Gratings 

High 
Res 
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Outline 

• Development of imaging techniques of 
magnetic micro- and nanostructures.  
 

• 3 routes adapted to different characteristic 
length-scales: 
– Reciprocal Space (1-100nm)  
– Precession space (100nm – 1µm) 
– Direct space (1µm – 10µm) 

Presenter
Presentation Notes
I will first describe what is the context and the motivation of this work.

I will then quickly describe the technique we have developed and which I have dubbed « precessionnal spectroscopy »

I will then illustrate the technique with an experimental measurement on a half-Bloch domain wall
and describe how the data have been processed

I will finish with a short discussion on the technique and the perspectives it opens
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• « Precessional spectroscopy  » 
– In-depth measurements 
– Measurements « almost » 

in the real space 
 

• SANS 3D : vectorial small angle scattering 
– Volume measurements 
– Measurement in the 

reciprocal space 
 

• Informations not accessible by other existing 
techniques 

Presenter
Presentation Notes
La première technique est une mesure dans l’espace direct. J’ai baptisé cette technique « Spectroscopie précessionnelle »
La technique est adaptée à l’étude de films minces en profondeur.
La  technique est opérationnelle et a donné ses premiers résultats l’année dernière.

La deuxième technique, le SANS 3D, est basée sur des mesures de diffusion de neutrons aux petits angles dans l’espace réciproque.
Il s’agit d’une extension des techniques classiques de diffusion aux petits angles d’une technique scalaire à une technique vectorielle.
Je développe actuellement, avec l’aide d’un post-doc, les outils numériques qui permettront à partir des figures de diffusion de neutrons de reconstruire une distribution d’aimantation vectorielle.

Ces 2 techniques expérimentales permettent ou permettront d’accéder à des informations inaccessibles par aucune autre technique actuellement.

Dans la suite je vais rapidement vous présenter les premiers résultats expérimentaux de la technique de spectrométrie précesssionnelle.
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      Vector polarization analysis in SANS 

Spin configurations within nanoparticles  are 
typically complex: surface anisotropy leads to 
non-uniform magnetization distribution. 

Figure from K. Krycka et al., 
PRL 104 207203 (2010).  

The unambiguous determination of the magnetic 
field vector B (both its direction and magnitude) 
requires  to determine  the full polarization 
tensor: 

We will use this approach in combination with the polarized SANS, so that 
the Q-dependence of B will provide the information about the magnetic 
field distribution inside micro- and nanoparticles.   
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i = x,y,z  - orthogonal components of 
the incoming polarization vector P0 ; 
 
j = x,y,z - orthogonal components of 
the outgoing polarization vector P 
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 Design a new µ-metal magnetic shielding and spin rotators, optimized by FEM simulations 
(magnetic field maps) and VITESS simulations of the neutron spin behaviour in such 
polarimeter. 

 Design of spin rotators with reduced intrinsic SANS. 
 Prototype the polarimeter, neutron tests. 
 Neutron measurements with real samples at polarized SANS diffractometers at the JCNS.  
 Development of VITESS modules for these samples and comparison of experimental 

results with simulations. 

Vacuum tank 

Polarized beam 

2-d PSD 

Collimation base 

Zero-field chamber 

Sample with 
environment 

Spin rotator 

Spin rotator 

3He spin filter 

SANS with vector (3-d) polarization analysis: 

Nanoparticles:  
   5 to 100nm 

Q= (0.006 - 0.15)Å-1  

Task 4 (CEA, JCNS, TUD) 
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Magnetic nanostructures 

Chiral Magnetic Soliton Lattice on a Chiral Helimagnet 
Togawa et al. PRL 108 (2012) 

Develop the tools to get magnetization  
distribution in the bulk   

Complementarity to TEM 
 

Making neutrons a indispensable tool  
for spintronic applications 

Task 4 (CEA, JCNS, TUD) 
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1 cm 

9.5 loops 
I = 1.5 A 
101 Projections 
9+1 Tomographies 

Neutrons 

Polarizer Analyzer 

2D-
Detector 

x 

y 

z 

Spin flipper Spin flipper 

S1 S3 
 

S2 
 

S4 
 

Coil Flippers 

Task 6 (HZB, PSI, TUM) 
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X Y Z 

0° 

72° 

144° 

216° 

288° 

360° 

Simulation 

Initial spin direction: X 

Analysis of Spin component: 

x 

z y 

x 

z y 

Experiment Simulation Experiment Simulation Experiment 
Rotation angle 
of the sample: 

M. Strobl et al, Phys. B (2009) 
M. Strobl, NIMA 604 (2009)  

Task 6 (HZB, PSI, TUM) 
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Measure of magnetization profiles in thick films 
 
 

• Problem :  Determine the magnetic anisotropy within the thickness of 
      a magnetic film 

– Important for the Hyper-Frequency properties for ex.  

Materials with different 
anisotropies 

A few  
100nm 

K1 

K2 

M


Creation of a planar Bloch wall 
Task 5 (CEA, ISIS) 

Precession spectroscopy 

Presenter
Presentation Notes
La problématique originelle qui a motivé le développement de la technique est celle de la détermination des anisotropies magnétiques dans l’épaisseur d’un film magnétiques
Cette distribution d’anisotropies conditionne les propriétés hyper-fréquence de ces films.
Ce travail est réalisé en collaboration avec Pascal Thibaudeau et ses collaborateurs du CEA Le Ripault ainsi qu’André Thiaville du Laboratoire de Physique de Solides à Orsay.
Pour démontrer les possibilités de la technique, mes collègues ont fabriqué une structure modèle dans laquelle les anisotropies magnétiques magnétique tournent de 90° entre le bas et le haut du film. 
Cela conduit a priori à la formation d’une paroi de Bloch planaire dans l’épaisseur du film.
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Precession spectroscopy 
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Task 5 (CEA, ISIS) 
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depolarisation 
concentration [%] 

increasing T 

Ms TC 

Requirements: 
- high spatial resolution 
- polarization analysis 
- small samples 
- sample environment 

M. Schulz, PhD Thesis, TUM Task 6 (TUM, HZB) 



13.03.2012, Grenoble 

B
en

t 
S

i(
11

1)
p

re
m

on
oc

h
ro

m
at

or

B
en

t 
S

i o
r 

G
e

M
R

-c
ry

st
al

In
ci

de
n

t 
p

ol
yc

h
ro

m
at

ic
b

ea
m

S
am

p
le

 I
m

ag
in

g 
p

la
te

or
 d

et
ec

to
r

Task 6 

Prompt Gamma Activation Imaging (PGAI) 

MTA EK 

NPI 

High-parallel monochromatic beam 
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The JRA Imaging combines 
neutron experimental 
techniques in the direct and 
the reciprocal space in order 
to resolve structural and 
magnetic features on 
different length scales. 

NPI 
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