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o SESANS
— Principle
— Model systems
— Colloidal interaction
— Cream cheese
— Dairy
— Powders

e SESANS+SANS combined

e Larmor project
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Larmor precession neutron spin magnetic field

4
T

Precession proportional to magnetic field line integral:
¢ oc j BdL
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Larmor encoding of scattering angle
spin-echo small angle neutron scattering

N 4B Y L=

e Unscattered beam gives spin echo ¢ = 0
independent of height and angle

sanpple

o Scattering by sample  — no complete spin echo
— net precession angle

» Measure precession angle (or neutron polarization)
as a function of magnetic field — correlation function G (9)
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Magnetised foils tuned for n-flip:
can be considered reversal field

3 pm permalloy film Permalloy on Silicon wafe

Foil mounted in magnets P
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SESANS
spin-echo small-angle neutron scattering
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Precesion regions defined by foils and magnets (1)




Precesion regions defined by foils and magnets (2)




Precesion regions defined by foils and magnets (3)




Precesion regions defined by foils and magnets (4)

Field




Classical explanation with Larmor precession
Precession angle proportional to: ¢ oc I BdL : scattering angle

: B

P = cos(¢) = cos(Q,J,)

1 (do(Q)
G(gz)_kgj dQ

c0s(Q,4,)dQ

Keller et al. Neutron News 6, (1995) 16 4



SESANS = Fourier transform scattering =
density correlation functions

Y B B B C

e Polarisation as function spin-echo length = scattering
length density correlation function
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From structure to polarisation

structure

. ]
7(r) =] p(r)p(r +r)dr

1

density correlation function

G(z) = ZT v(X,0,2)dx

1

SESANS correlation function

. .
P(z) = e(C@-6O)
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SESANS on grating: Direct visual data anaIyS|s

Spacmg, ridge width(, hejg

S 11 .,
3 0.8 - R
© CL(S | . ._' -..
@ g LT —— . " J #q*
e 0.4 I I \ q
0 5 10 15 20

spin echo length [um]

ot & i
3 =)

Collaboration with:
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M. Trinker, E. Jericha & H. Rauch,
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Collpidal phase transitions as function of concentration
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Krouglov et al. J. Appl. Cryst. 36, 1417-1423 (2003)
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From structure to polarisation

structure

. ]
7(r) =] p(r)p(r +r)dr

1

density correlation function

G(z) = ZT v(X,0,2)dx

1

SESANS correlation function

. .
P(z) = e(C@-6O)
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Present data analysis

e Mostly ad hoc Matlab written real space
models

o Recently started to Hankel transform SANS
models
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dy/dQ [m

SANS to SESANS conversion
spheres R=100 nm

10" . N e
10° -
10° |-
10* |-
10° -
0

Q [nm™Y

10°

6(2)=]3,(Q0) £ (@)0dQ

P( ) tZl—z(ci(z)—é(O))
Z)=€e°"

<]
TUDelft



SASVIEW, work in progress
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In P(z) /t
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Texture fresh cheeses essential for o
1 . . o\.}@:«o

pleasure eating and shell life time U%v"’
miloer

Fresh cheese-type products have a complex
microstructure, built from elements of quite
different size and properties:

e Fat droplets, stabilised by protein
e Fat droplet aggregates
e Protein aggregates
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Effect of processing: ;‘fo i
native vs denatured / neutral vs acidified uf‘f;

neutral emulsion Eo e
acid emulsion i .e.. —e
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Structure determined of dairy products

Hans Tromp
NIZO food research
the Netherlands
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From milk to yogurt and curd
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PIP,

Kinetic measurement casein aggregation
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Simulation and conclusion
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e Reaction limited cluster

J. Phys. Chem. A (2010)

Léon van Heijkamp et al.



Granular matter
Robert Andersson

e To understand the bulk properties of
assemblies of grains we better understand
the microstructure of those assemblies.

e What is the distribution of density in an
powder?

e How does all this change when we perturb
the powder?
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SESANS experiments on Si0, powders
Exercise: interpret both measurements

Two samples:

Compacted, Structure

Saturation at 3mm and a hard
sphere repulsion peak

“Poured”, Clustered

Correlations extends over
measured range due to clusters

Polarisation
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Molecular dynamics
Extract the SESANS correlation function from MD packings
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Conclusion: simulations don’t describe features of

poured samples.
Big holes could explain measurements

3
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Fractal structure of nanoparticles in fluidised bed
1.0

Lilian de Martin
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Nanopowder has three length regimes

10000 ¢
1000 |

100 |

Density (kg/m°)

10|

Gyration diameter (um)

L. de Martin et a/. Langmuir (2014) 30 12696 'i';U Delft



Applications of SESANS
real space, range 30 nm — 18 um, no coIIimgtion

Colloidal interaction . Dairy products
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Spin-echo modulated SANS (SEMSANS)




SANS + SESANS

beam @ detector 10 mm -> 1 nm — 300 nm

modulation @ detector 10 um -> 1 um — 300 um




Beam modulation by Larmor precession

Even for large divergent beam

4 )
neutrons arriving

same point
. Same polan:sahon y

N

L L,=L,

—FO—
detector

[ intensity (14+cos(2))

W.G. Bouwman, C.P. Duif, R. Gahler, 3
Physica B 404 2585-2589 (2009) TUDelft




Monochromatic modulation with increasing fields
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Yalue

~35 um modulation period (60-103 mT)
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SESANS by modulation
[ high resolution

neutron detector

(Q)
Q- »
= =2
(49)
U ) 800 |
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TOF-SEMSANS works!

SE-length =71 nm

sample o measured
- fit
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high resolution

neutron detector, also
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collimation slits as beam stop for 2"¢
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In time of flight:

« SANS wide Q-range

« SESANS scan without field scan

* Low A SESANS overlaps high 4 SANS
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The proposal of SKADI —
a high intensity SANS with optional focusing optics

H. Frielinghaus, S. Jaksch,
W. Bouwman,
J. Jestin

Delft
e t University of
Technology

rohée

Laboratoire Léon Brillouin
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LARMOR:
Multipurpose polarised Dutch instrument@ISIS
Eindhoven, Gr‘oningen, ”Delft for 6 years
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LARMOR: tool of Dutch Science and Industry
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LARMOR @ ISIS

sample 2D detector
polfarizer %
X [ ﬂ
source <

guide field analyzer

SANS with option for polarised neutrons

DC magnets + RF ~ sample 2D detector
polarizer .
Ou |
\
source /

guide field SESANS analyzer
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