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Introduction

Instrumentation for polarization of neutrons
Setup for imaging with polarized neutrons
Interpretation of the image contrast
Depolarization analysis. Curie temperature
Simulation of images with polarized neutrons
Procedures for quantification of magnetic fields

Vector tomography
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Application fields
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Neutron imaging
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Neutron imaging
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Introduction

Contrast Resolution
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Magnetic Contrast




Introduction

Why we used polarised Neutron?

» magnetic moment g =-1.913 |,

® Interacts with magnetic fields

» Larmor precession was used as signal for imaging

» Visualisation of magnetic fields in bulk materials
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Introduction

Spin precession

—>

4B

“

(p]}

Adiabatic spin rotation

Larmor frequency:
o =yB
Gyromagnetic ratio:

_ rad
y-1.83[1l@sﬁ

B = magnetic flux density
S = Spin vector

a)<<a,i_
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Magnetic Contrast

Principle

Spin B-field

CE

Tyv’z Spin polariser Magnet
X

Experimental parameters

 Solid state polarazing benders
e Beam size (WxH): 20 x 4 cm?

» EXposure times: ~10 min / image

Spin

rotation

0

e

2D-d§tect0' :
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Spin analyser
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N. Kardijilov, et al, Nature Physics 4, 399-403, (2008)




Experimental setup

Solid state polariser o ,
Wavelength optimum A = 3.5 A Refractive index: n =1- A (

N-b mB
C i IJ' )
21 h2

Bending distance 0.25 mm

4% 0.25 mm

____________

________________________

________________

Gadolinium
— Silicon
Supermirror

Source: Dr. Krist (HZB) 75 mm
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Experimental setup

Option with polarized neutrons

Instrument: V7 (CONRAD) at HMI

Date: 11-15 July 2006

Options: Monochromatic option: 4.2 A

Detector mode: CCD, low -resolution mode (0.2 mm/pixel)

Experimental sketch:

CCD detector

neutron beam

guide stopper

“ solid-state  guiding field  sample solid-state
polarizer analyzer

PCG monochromatic beam

crystals

rotation + tilt
power stage
® suply
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' Experimental setup

detector
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analyzer

solid-state
polarizer




Experimental setup - r

Experimental parameters
Open beam

Pixel counts
2.000E4

1.500E4
10000

5000

N
o

0

Y Axis, [mm]

10 20 30 40 50 60 70 80
X Axis, [mm]

Exposure time: 300 s
Binning: 2x2

Copper caoll
Wire thickness: 2 mm
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Experimental setup - results

Results

current: O 4 A 8A 12 A 15 A
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Experimental setup - results

Scan option

Exposure time: 1440 s (24 min)
Binning: 2x2

211



Experimental setup - results

non-dipole magnets

dipole magnets
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Experimental setup - results

Using of spin-flippers

Instrument: V7 (CONRAD) at HMI

Date: 11-15 July 2006

Options: Monochromatic option: 4.2 A

Detector mode: CCD, low -resolution mode (0.2 mm/pixel)

Experimental sketch:

CCD detector

neutron beam
guide stopper spin spin
“ solid-state  guiding field  flipper 1 Sample flipper 2 solid-state
polarizer analyzer

PCG monochromatic beam

crystals

l [ rotation + tilt

stage

power
suply
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Experimental setup - results

Using of spin-flippers

spin
flipper 2
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Experimental setup - results

Using of spin-flippers

Spin FIiperl: 0.0A o pin Flipperl: 0.2 A Spn Flipperl: 0.4 A
Spin Flipper2: 0.0 A Spin Flipper2: 0.6 A Spin Flipper2: 0.4 A

e

Spin Flipperl: 0.8 A
Spin Flipper2: 0.8 A

25/1



Magnetic Contrast
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96.40 K
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4.5 cm
Flux trapping in a 45x45x12 mm 2 bulk YBCO sample.
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Magnetic Contrast

100 K

99.1 K

95 K

—> | 908K
190K
Flux trapping in a 45x45x12 mm 2 bulk YBCO sample.
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Magnetic Contrast

Flux pinning in superconductors

Pb cylinder
(polycrystalline)

-
-
—_

1—Cm trappe

Tomography
T
1 72k trapped flux B [mT]
T 7.196 K (T)

r -2
- 7.0K = '
T 6.9K

Iead cylinder
— 6.8K

Flux pinning at cooling down below Tc while applying a homogenous magnetic
field of 10 mT perpendicular to the beam.

The images were recorded after switching off the magnetic field




Simulation process

® Aim: to describe a real experiment by a simulation
- the magnetic field of a conductor can be describe
by using the Biot-Savart's law
- this Is the precondition for the calculation

of the spin rotation during the field penetration

29



Simulation process

Voxel matrice

Biot-Savart's law:

Larmor precession

p=y-tB
rad

= 1.832-10% —
Y s-T

t~A\
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Neutron imaging

Principle
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Simulation process - results

Double rectangle coil

: Ie_ngth_: 36 mm » distance between the coils = 20 mm
 width =7 mm _ i

& height = 21 mm " e}pplled currents=0.0-9.0A

s windings = 30 e field strength B =1.05 mT @ I=1A

L {////////////////////////////

2 30
-40 20
-20 0g
) 0 £
X [mmy 20 vy
40 _ o
Neutron

flight path direction
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Simulation process - results

5.0A

9.0A

Simulated radiograms Measurements

I 'l

X X
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Simulation process - results

Levitating dipole over a superconductor

Superconductor:YBa ,Cu;0,

Critical temperature: 90 K

Absorption contrast
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Simulation process - results

Simulation parameter:
» wavelength A=3.5 A (narrow)
r the dipole was described by a

ring current

Levitating magnet over YBCO

Comparison between
measured and simulated data

Simulated Radiogram :
z :> z
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Magnetic Contrast

Steps towards quantification
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Magnetic Contrast =

mponent: X Y Z

Simulation Experiment

Simulation  Experiment Simulation Experiment

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




Magnetic Contrast

Depolarisation analysis

Transmission

36 K 40 K 44 K 45 K 49 K 53 K 1.0
s FRsc R SERNT I B % s
ferromagnet paramagnet | .
Ti0:5
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PdNi crystal (3.24% Ni) imaged by polarised neutrons




State-of-the-art neutron Imaging Instrument

Labs
Cold neutrons Micro-CT Lab

Wavelength range: 1.5 A — 10 A 3D Data Analytics Lab

Large beam

12000+ —— CONRAD-2
10000/ Beam size: 20 cm x 20 cm
%) 8000 ) Sample manipulator Verton oo
‘ertical profile
< 6000 o0 :
8 4000 Neutron beam =~ u
2000, | | 8
0 T T T T T u - ‘ N . C j“)‘“ 3 | mn"
0 2 4 )\G[A]B 10 12 Flight tube ' L “1 . Honzc:::al profile m
g — J o Il e
~— E £ mo:
Principle of neutron guide &

20cm Distance, mm

Instrumentation

Neutron Velocity Double-crystal Grating
Reactor . polarizers selector monochromator interferometry
. High flux _,
& Flux (guide end): 2.7x10° n/cm?s

Guide system: super-mirror coated
neutron guide (M=3) with a curva-
ture of 750 m and length of 15 m
followed by linear guide section
(M=2) with a length of 10 m.
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