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L Dark Field Images LI MLZ

NGl reveals scattering
« from small structures (~ um)
« under very small angles

What does that mean exactly ?
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Quantitative DFI: Size Matters
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Polysterene Colloids in Solution

e varying particle diameter
e constant volume fraction

$

* constant absorbtion
* varying DFl value
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L Origin of the DFI ML Z

Model Case: One Single Scattering Angle
without sample:

G1 —— open beam G, Vob = COS(X)
1|:
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L

Origin of the DFI ML Z

Model Case: One Single Scattering Angle
without sample:

Gi —— open beam Vop = cos(x)

........ scattered -q,
---- scattered +q, Ag)

with sample:

1 1
Ve = Ecos(x +9) + Ecos(x ')

% \
—

2
Detector
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Origin of the DFI

Model Case: One Single Scattering Angle
without sample:

Gi —— open beam Vop = cos(x)
----- resulting intensity
with sample:
5 1 1
8 V; = =cos(x +9) + =cos(x — V)
5 2 2
sample | | |
Vs = cos(x) cos(§.;qx)
Lge
U = §;4x 1 = A — o
P2
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L Origin of the DFI ML Z

Real Case: Distribution of Scattering Angles

Gi —— open beam
_____ resulting intensity

{ DFI = cos(§;,qx) }
\ 4

DFI = fS(Qx) COS(EGICIx) dqy

Detector

sample
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L Origin of the DFI ML Z

Real Case: Distribution of Scattering Angles

Gi —— open beam
_____ resulting intensity

{ DFI = cos(§;,qx) }
\ 4

DFI = fS(Qx) COS(EGICIx) dqy

Detector

sample

S(qx)
“probability of scattering a neutron with

a certain momentum transfer q, “

What defines S(q,) ?
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aier-Leibnitz Zentrum

L S(qy) : A Bit of Scattering Theory MLZ

Reciprocal Space: the differential cattering cross section
(looking at momenum)

incoming do(q) neutrons scattered into d()

d() incoming neutrons per unit area
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L S(qgy) : A Bit of Scattering Theory MLZ
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Reciprocal Space: the differential cattering cross section
(looking at momenum)

incoming do(q) neutrons scattered into d()

d() incoming neutrons per unit area

sample

Real space: the pair correlation function
(looking at space coordinates)

@ y(r) = jAp(R)Ap(R + r)dR
|4
!

sample Distribution of scsattering strength
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L S(qgy) : A Bit of Scattering Theory MLZ

aier-Leibnitz Zentrum

Reciprocal Space: the differential cattering cross section

(looking at momenum)

incoming

sample

Real space: the pair correlation function
(looking at space coordinates)

(2>

sample

do(q) _

neutrons scattered into d{)

d() incoming neutrons per unit area

L

fourier transformation

4

or j Ap(R)Ap(R + r)dR
"1

Distribution of scsattering strength
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L S(gy) : Reducing the Dimensions MLZ

Step 1: no scattering along the beam direction g, =0

cat’te(ed
. | \ do(q) do(qx qy,0)
incoming -
................. et ds) dq
q.=0
sample =) G(xy) = ]y(x, y,z)dz
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L S(gy) : Reducing the Dimensions
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Step 1: no scattering along the beam direction

incoming

Step 2: projection along the grating lines

Ay

do(q)

qy = —00 — +00

(

q;, =0

dQl

do(qx)
dQ}

do(qx, qy,0)
ﬁ

dQ}

=) G(xy) =jy(x,y,2) dz

>slit

=

J

do(qx, qy,0)
o Y

G(x,y) = G(x,0)
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L Quantitative DFI: The Formula

Reciprocal Space:

do(qx)
smaz< M;)
slit =
4z = :
gy = —0 = +00 g
DFI = jS(CIx) COS(EGICIx) de 10-50— m 100
q/R"

T. Reimann, Ph.D. Thesis (2016)
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L Quantitative DFI: The Formula
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Reciprocal Space:

S() ~ do(qx)
x dQ) .
slit =
qz; = g’
qy = =00 = +00 g
E 10°F
DFI = [ 5(a.) cos(ég,a) das L
0 10 100
q/R"
Real Space:
1.0 il T %
1 0
G(E&.) _osf ;
DFI = exp |5t | —2— -1 =
i [ ( G(0) Soof\
%%04 - b
i 2 8 02F E
Total scattering crossection X = (Ap)*A“®,, :
. O'00 '% 2 3
sample thickness t €y xR
nGl correlation Iength EGI T. Reimann, Ph.D. Thesis (2016)
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L A Simple Example: Hard Spheres MLZ

Heinz Maier-Leibnitz Zentrum

Polysterene Colloids in Solution

DFI

e iy (e ) rll

lﬂ ! ‘I Ij_ | — l \

s —
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0.0 0.6 1.1

Pair Correlation Function
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L A Simple Example: Hard Spheres ML Z
Polysterene Colloids in Solution
50 40 3.0 ~2.0 10 074 051 011 D,0/H,0D,0 H,0 Empty
- calculate: fourier transform:

DFI

! n ll ll 1 a5 " : ‘3 ‘f: L '1 1 :I !| f ! 8 dG | |
TR
AL B LT, =L 8 dQ

00 06 1 G(x,y) |:> dc(ngy» 0)

d
G(x, 0) |:> ( Gcgglx) )
slit

Pair Correlation Function

Real Space Reciprocal Space
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L Polysterene Colloids in Water MLZ

Real Space: Reciprocal Space:
Pair Correlation function Scattering cross section

1.0 10°
0.8 2402
IS 3 1
2 g
506 <
S g o
T 0.4 T
o £
S 0 C 10°
107 '
0.0 > 3 0 10 100
q/RT

x/R

T. Reimann et al., J.Appl.Cryst. (2016)
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L Polysterene Colloids in Water MLZ
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DFI = exp [21: (G(ﬁG’) - 1)]

G(0)
R dependence: A dependence:
- G= G(R) ¢ E(;I = E(;]O\)
¢ ¥ =3(R) - X =I)
correlation length &g, (um)
0 0.9 1.8 2.7
1.0 - ) 1
1.0}
0.8}
&) )
04} @ deo = 0.5 pm
01t Q deo= 0.7 um
02 I § dc0|= 1.0 Hm
§ dcol = 3.0 M
0.0 s . .
0.05 0.5 5 0 2 4 6
particle radius R (um) wavelength A (A)

T. Reimann et al., J.Appl.Cryst. (2016)
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Possibilities and Restrictions
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DFI depends only on one value of the pair correlation function G (§.,)

More information can be gained by:

/

Changing G

Different particle sizes

l

Only possible in rare cases
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Possibilities and Restrictions
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DFI depends only on one value of the pair correlation function G (§.,)

More information can be gained by:

/

Changing G

Different particle sizes

l

Only possible in rare cases

™~

Changing &,

/

Change the setup
or
Sample position

l

Various geometric
constraints
Tedious callibrations
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DFI depends only on one value of the pair correlation function G (§.,)

More information can be gained by:

/

Changing G

Different particle sizes

l

Only possible in rare cases

™~

Changing &,

/N

Change the setup

or Vary the wavelength
Sample position

l l

Various geometric Only a small range
constraints is accessible
Tedious callibrations
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L Inhomogeneous Scattering ML Z
homogenious inhomogenious
Qy Qy
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L Inhomogeneous Scattering

inhomogenious
Ay

homogenious

Ay

Rotate sample

>

Rotate gratings

Ox

J ¢
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L Inhomogeneous Scattering

inhomogenious
Ay

homogenious

Ay

Rotate sample

>

dx _
Rotate gratings

J ¢

# DFIl(w) = exp [Zt (G(EGI Cos(u);(,(gﬁmsin () — 1)]

29.08.2017 - IAEA workshop AUNIRA - alexander.backs@frmZ.tum.de]



L Anisotropic scattering in Brass MLZ

Heinz Maier-Leibnitz Zentrum

0 41.2° 52.8°
Extrusion Moulded Brass: 50
anisotropic 123
e production o)
* crystallites 0 87.6° 99.2° 0
* scattering 50
100 0.8
150
0.6
0 134.0° 145.6°
0.4
50
100 02
150
0.0
o 180.4° 192.0°

100
150

M,

0 50100150 0 50100150 0 50100150 ¢ 50100150

T. Neuwirth, Master Thesis (2017)
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L Anisotropic scattering in Brass ML Z

Different distribution of crystallite size in x and y direction

=) Bi gaussian scattering cross section

DFI(w) = exp [—%(ze + (0,% — 0,%)sin?(w — (p))] Oan = Ox* — 0y)°
o,>
0 0.60 0.60
50 0.45 0.45
100 0.30 0.30
150 0.15 0.15
0 50 100 150 il 0 50 100 150 o0

T. Neuwirth, Master Thesis (2017)
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L Anisotropic scattering in Brass MLZ

Heinz Maier-Leibnitz Zentrum

Different distribution of crystallite size in x and y direction

=) Bi gaussian scattering cross section

DFI(w) = exp —%(ze + (0,% — 0,%)sin?(w — (p))] Oan = Ox* — 0y)°

030 0
0.24
0.18

0.12

006 150 N

0 50 100 150 0 50 100 150
T. Neuwirth, Master Thesis (2017)

I
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Anisotropic scattering in Brass ML Z
Different distribution of crystallite size in x and y direction
=) Bi gaussian scattering cross section
2 2

DFI(w) = exp —%(ze + (0,2 — 0,%)sin?(w — @)

DFI(w)

90°

180°

270°

T. Neuwirth, Master Thesis (2017)
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Magnetic Domains in Superconductors MLZ
Normal Conductor Superconductor
A
" low field high field
<\> " |

Meissner state Schubnikov state
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Magnetic Domains in Superconductors

MLZ

Heinz Maier-Leibnitz Zentrum

Normal Conductor

Superconductor
A

" low field

high field
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The Intermediate Mixed State in Niobium MLZ
Field Cooling into the IMS
B=40mT
0 PETE e SR
T 0.8
() /’
o o
06
Z X
0.4 i’,g’/
0.2
4 6 7 8 9 10

-, el
h g

Temperature (K)

What changes?

domain size
domain density
scattering contrast
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L The Intermediate Mixed State in Niobium MLZ

Heinz Maier-Leibnitz Zentrum

Supression of the IMS

Nb 2

2 along <100>

- 5 Nb 2
along <110>
L L ] Ié
0 50 100 150 200

B (mT)

Additional field enters the sample
IMS in the center

FLL at the edge

pinning along crystal axes

T. Reimann, Ph.D Thesis (2016)

Heterogeneous Phase transition
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L From USANS to nGl MLZ

USANS Measurement

do(qy)
dQ

slit

g (10* A7)

Pair Correlation Function
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DFI = Xt
exp [ G (0)

T. Reimann, Ph.D Thesis (2016)
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L From USANS to nGl MLZ

Magnetic Field Scan Wavelength Scan

Domain size changes

Probed h
(USANS result) robed &, changes

1.0 . - 1 nGl:
.. o 11 mT
0.9} % (2) 17 mT
A%x (a) 22 mT
— 0.8} A ‘%s },"‘% ] —
. ’ USANS:
D0.7 - % A - - —10mT
§ nGl K 0.6} 1 —17mT
0.6F A USANS - 22 mT
0.5 . y : 0.4 L '
0 10 20 30 40 3.0 4.0 5.0 6.0
B (mT) A (A)

T. Reimann, Ph.D Thesis (2016)
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