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Neutron Scattering Techniques
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Small Angle Techniques and Length Scales

Approximate Size Probed
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The Scattering Experiment

Scanering direction

.o
& /

a O is the atomic cross section and
represents the effective area the
: S nucleus presents to an incident
nedenteuton: i _ | neutron.
—

2-axis

® is the number of incident neutrons per cm? per second. In our static scattering experiment (i.e.
including all energy transfer), we measure the differential cross section :

do _ number of neutrons scattered per second into do in direction 6,¢
e — $dS

The total scattering cross section, O, is then given by:

g — total number of neutrons scattered by second
s — 3

do
= [ 20
d f o

after Squires



Scattering Length Density

Scattering length is an atomic property
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Atomic number describes the interaction of the neutron
with matter?
Scattering length density is a bulk
property that is simply the sum of the
scattering lengths in a given volume
L Lib \ divided by that volume.
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— When doing small angle scattering we

can use these bulk properties as we are
examining sufficiently long length scales.



Small Angle Scattering

Having determined that we can use scattering length density to describe our
samples, we can replace the sum in

do 1 N
il — plar

with the integral of the SLD distribution across the whole sample and
normalize by the sample volume thus:

d. N do 1 -
—_— — ——Jp— e

2

This is the “Rayleigh-Gans Equation” and shows us that small angle scattering
arises as a result of inhomogeneities in scattering length density.



Small Angle Neutron Scattering

For a general two phase system, the Rayleigh-
Gans equation leads to the result that :

dy. 1 -
1@ == 2| [ v,

and we see that as a result of the
macroscopic cross section being a function
of the square of the amplitude of the fourier
transform of the SLD distribution, we are only
sensitive to the absolute difference in SLD
between the phases and not the sign.

This is known as Babinet’s Principle and means
that small angle scattering cannot determine if
p1 is greater than p2 from a single measurement.
Thus we need additional information about the
system or we need to use contrast variation.

The integral term in the equation is known as
the scattering structure factor S(q) and
describes the distribution of matter in the
sample.



Contrast Variation and Matching

In the case of ‘p’ different phases in a matrix ‘0’

d>

d—Q(q) =i§1(pi - pO)ZSii (q) +i§i(pi_ Po )(pj— pOﬁij (q)

Scattering is now the sum of several terms with possibly many Sij
components



Contrast Variation and Matching

Contrast Matching - reduce the number of phases “visible”

O

p solvent = p core

/
\

p solvent = p shell

o

(shell visible)

(core visible)

The two distinct 2-phase systems can be easily understood



scattering length density

Contrast Variation and Matching

— water

- — lipid

— protein
DNA

Q/IO 20 30 40 O60 60 70 80 90 100

%D20

Caution! The SLD of the component you are
interested in may vary with the solvent SLD either
through hydrogen exchange (e.g. proteins) or
through penetration of the solvent into the
component (e.g. block copolymer micelles)



Form and Structure Factors

In small angle scattering we confuse
terminology by often splitting the scattering
structure factor into a Form Factor, P(q) and
a Structure Factor, S(q) when considering
particulate systems :

%(Q) - E(Pl — p2)*V,2P(q)S(q)

|4

P(q) represents the interference of neutrons
scattered from different parts of the same
object, while S(q) represents interference
between neutrons scattered from different
objects. If there is no interparticle correlation
(e.g. it is a dilute solution) then S(q) = 1.

If we have an isotropic solution then

00 .
S(q) =1+ 47er/ lg(r) — 1] sin(gr) ridr
0 qar
where g(r) is the particle pair correlation
function and is related to the interaction
potential between particles.

P(q)
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The form factor for a sphere (shown above) is
given by:
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Anatomy of a SANS Instrument

Collimation
Source Sample Detector
Al A2
------ R R EE Rl I ELELLREREEEEL
47(' * Longer L2 = smaller angle = lower Q = larger structures

() = —sinb

)\ * Longer wavelength = lower Q = larger structures



Anatomy of a SANS Instrument

Collimation
Source Wavelength Sample Detector
Selection Al A2
------ il W ELELEEL LR
47(' * Longer L2 = smaller angle = lower Q = larger structures

() = —sinb

)\ * Longer wavelength = lower Q = larger structures



Anatomy of a SANS Instrument

Collimation
Source Guides  Wavelength  Guides Sample Detector
& Selection & Al A2
Optics Optics
------ el WEALLELL LR
47(' * Longer L2 = smaller angle = lower Q = larger structures

() = —sinb

)\ * Longer wavelength = lower Q = larger structures



Anatomy of a SANS Instrument

Collimation
Source Guides  Wavelength  Guides Sample Detector Detector
& Selection & Al A2
Optics Optics I

47(' ) * Longer L2 = smaller angle = lower Q = larger structures
() = —sinb

)\ * Longer wavelength = lower Q = larger structures



Anatomy of a SANS Instrument

Collimation
Source Guides  Wavelength  Guides Sample Detector Detector
& Selection & Al A2
Optics Optics I
. I Monitor
Monitor . » Monitor & Beam
: ' Stop
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47(' * Longer L2 = smaller angle = lower Q = larger structures

() = —sinb

)\ * Longer wavelength = lower Q = larger structures



Anatomy of a SANS Instrument

Shielding

Collimation
Source Guides  Wavelength  Guides Sample Detector Detector
& Selection & Al A2

Optics Optics I

| i i
I Monitor
. Monitor

Monitor ., & Beam

47'(' ) * Longer L2 = smaller angle = lower Q = larger structures
() = —sinb

)\ * Longer wavelength = lower Q = larger structures



“"Monochromatic” vs TOF SANS

single wavelength wz:i\;flie.r(l)%gl]ir:&ge

intensity tensi
at source Intensity I I I I
at source
time .
time
intensi X .
vy intensity
at detector
. at detector
time x
time

Some of the neutrons all of the time All of the neutrons some of the time

4
Q) = Tﬂsine

Varying angle to access different Q values Varying angle and wavelength to access
different Q values



Neutron Guides

Make use of total reflection of
neutrons from thin layers of nickel and

other materials on a glass or metal
substrate.

Act as “optic fibres” for neutrons,
transporting the neutrons from the
source to the instrument.

All neutrons that impinge on the guide
surface below the critical angle for their
wavelength will be reflected.
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Choosing the neutron wavelength

Makes use of Bragg diffraction to select the desired
Monochromator
wavelengths.
Materials with different d-spacings aligned with
different crystallographic planes at the appropriate
Filter angles to the neutron beam will select different
wavelengths.

Example : Si (111) with d-spacing = 3.136 A
Velocity Selector P (h pacing

For a take-off angle of 90° (20 = 90°) what

wavelength of neutrons will be selected by the

monochromator?

Chopper
Taking the first order peak :

A =2 % 3.136 x sin(45)
A =4.435 A



Choosing the neutron wavelength

Filters are used to exclude unwanted wavelengths
of neutrons.

Monochromator
In the case of SANS this is usually cutting out
unwanted thermal neutrons while allowing the cold
neutrons to pass.
Filter

The filter may be a crystal such as Beryllium which
cuts off wavelengths below 4 A or a neutron guide
with a particular shape that only allows certain
wavelengths to be transmitted. Curved guides,
multi-channel benders and optical filters (“kinked
guides”) are such devices.

Velocity Selector

0.02 g"&_(
I % hemex -
¥ hemlux | Optical Filter I
T 0015 i hemlite P / 6 cm
- r — long-wavelength limit 1
C h Oppe r E i» i ahgorp[ion A l Pl'e-SaInple
2 1 3 vy . .
= ool } ] | Collimation
[ =} . {
; | 15 cm
Z 0005 & P 1 T
b e | 41 .
[ B | Velocity
= ] Y Selector
0 0.2 0.4 0.6 ({.8 | 1.2 1.4 40m
Wavelength A (nm)
Woavelength dependent attenuation by sapphire Optical filter on the NG3 beamline at the NCNR

(from Mildner & Lamaze, |. Appl. Cryst, 31, 1998)



Choosing the neutron wavelength

A velocity selector is a rotating device made up of
alternating absorbing and transmitting material with
Monochromator a helical path for the neutrons.

The speed of rotation determines the velocity of the
neutrons that will pass through the device without

. being absorbed.
Filter
The transmitted neutron wavelength is given by
ah
A=——
Lmo

Velocity Selector where a is the helical pitch angle, L is the length of

the selector and w is the rotational frequency.

SIDE FRONT

VIEW oo VIEW absorbing
transmitting .
region

region

Chopper




Choosing the neutron wavelength

A chopper is a rotating device that is absorbing
except for one or more openings that allow

Monochromator heutrons to pass.

The speed of rotation and the size of the opening

determine the range of wavelengths that are allowed
to pass.

Filter
Choppers are used either at pulsed sources to
select a specific wavelength range or at continuous

, sources to generate a pulsed neutron beam.
Velocity Selector

35

1.84 A 3.00 A 19.92 A 21.07 A
30

25
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Chopper
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Time-distance diagram for a SANS instrument at ESS



Choppers

Faster Neutrons

We use time-distance diagrams to visualise

chopper operation.

Slope of lines is neutron velocity = wavelength 3o

L
T=—
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Slower Neutrons
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Choppers

30

Complex chopper
geometries can be used
to generate different
pulse patterns

OO O

Chopper 7 m Chopper 10 m Chopper 12 m
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Collimation

The collimation section of the SANS

Aperture Intensity

instrument determines the minimum area, A, pin-hole petecter l—’

sample aperture A,

accessible angle and hence the
minimum accessible Q value.

The collimation is a combination of the

source-to-sample distance, the sample- Apestne smalf sample aperture Detector
area, A, area, A,
to-detector distance and the sizes of S
2
the apertures. =
-+ > (b)

The degree of collimation also affects . N
the resolution of the measurement.

Aperture 'matched’ sample aperture Detector
area, A, area, A,=A,/2 I
D —D L2 D (Ll + Lg) g
beam — AlL_ =+ Ao 7 &
1 1
(©

from C. Dewhurst, ILL



Focusing

The collimation section of the SANS
instrument determines the minimum
accessible angle and hence the
minimum accessible Q value.

We can lower the minimum Q by
making the size of the beam on the
detector smaller.

Various focusing methods allow us to
focus the beam on a detector :

* Material (MgF,) or Magnetic Lenses
* Mirrors

* Focusing Guides



Detecting neutrons

Neutrons mostly interact weakly with matter. This 9B (n,a) “Li + 2.792 MeV
is a problem if we want to detect them

SLi (n,a) *H + 4.78 MeV
In order to detect the neutron we use materials that
have nuclear reactions with the neutron that *He (n,p) °H + 0.765 MeV

produce detectable products. I57Gd (n,Y) '8Gd + 8 MeV

These materials have a high absorption cross-
section and prompt production of high energy
ionized particles.

The absorber can be gaseous or solid within a

proportional gas detector, or solid or liquid in a :
o He «—dome
scintillator detector. electronics + | *He
—t »
chamber |CFa
«—— membrane

The most common detectors used on SANS
instruments are proportional counters containing dﬁtecgon :

. .. . chamber .
3He, either as a multi-wire chamber or as multiple X cathodes 4" Y cathodes

single-wire tubes. Anodes



Recording Detected Neutrons

Once a neutron is detected, we need to record it.

There are essentially two schemes for doing so:

Histogram recording
The data acquisition electronics fill histograms (in equipment
memory) of detection location and time-of-flight (if relevant).

These histograms are then processed to produce the final
“reduced” data set.

Event recording
The data acquisition electronics record the location and time of

every detection event.

This event stream is then processed into a histogram in Q space
which is then finally processed to the “reduced” data set.



Small Angle Scattering Refresher

dZ_NdO 1

iQ Vi V

Thus, inhomogeneities in 2(T') give rise to small angle

scattering

d2.

10 I measure

Convert |(Q)measured to “absolute scale”
(remove instrumental effects, correct for sample transmission and scale by incoming
beam intensity)
and then analyze



Instrumental Calibrations

In a perfect instrument we would know
exactly the incoming neutron spectrum and
count all the neutrons.

In reality, there are various instrumental
effects that need correcting for.

To determine these corrections
calibration methods are needed.

* Wavelength

* Wavelength spectrum

* Monitor efficiency

* Detector efficiency and uniformity
* Deadtime



Instrumental Calibrations

In a perfect instrument we would know Calibrate wavelength by:
exactly the incoming neutron spectrum and ¢ Measuring time-of-flight spectrum
count all the neutrons. * Measuring scattering from sample with peaks at

known Q values.
In reality, there are various instrumental
effects that need correcting for.
Time-of-flight spectrum
To determine these corrections * Intrinsic for TOF instrument at pulsed source
calibration methods are needed. * Can add small chopper at sample position on
continuous source instrument

Known sample scattering

* Assumes you know distance from sample to
detector accurately

* Usually use Silver Behenate (AgBeh)

* Has primary peak at 0.01076 A-' (d-spacing =
58.38 A)

* Light sensitive

* Hygroscopic (takes up water)

* Wavelength

* Wavelength spectrum

* Monitor efficiency

* Incident flux

* Detector efficiency and uniformity
* Deadtime



Instrumental Calibrations

In a perfect instrument we would know Calibrate wavelength spectrum by:
exactly the incoming neutron spectrum and ¢ Measuring time-of-flight spectrum
count all the neutrons.
Time-of-flight spectrum
In reality, there are various instrumental * Intrinsic for TOF instrument at pulsed source
effects that need correcting for. * Can add small chopper at sample position on
continuous source instrument
To determine these corrections
calibration methods are needed.

* Wavelength

* Wavelength spectrum

* Monitor efficiency

* Incident flux

* Detector efficiency and uniformity
* Deadtime



Instrumental Calibrations

In a perfect instrument we would know
exactly the incoming neutron spectrum and
count all the neutrons.

In reality, there are various instrumental
effects that need correcting for.

To determine these corrections
calibration methods are needed.

Monitor efficiency is usually calculated from
knowledge of the nuclear processes in the monitor
device and the physical properties of the device.

* Wavelength

* Wavelength spectrum

* Monitor efficiency

* Incident flux

* Detector efficiency and uniformity
* Deadtime

Where these are not possible cross calibration
with monitors where it is possible is used.

This may not be required if the monitor efficiency
cancels out in data reduction procedures.



Instrumental Calibrations

Scanering dinection

In a perfect instrument we would know
exactly the incoming neutron spectrum and
count all the neutrons.

In reality, there are various instrumental B
effects that need correcting for.

kK

——
2-ax1s

We measure the differential cross section :

To determine these corrections do _ number of neutrons scattered per second into d in direction 6,4
calibration methods are needed. a2 PdO

To obtain data on an absolute scale i.e. differential

+ Wavelength cross section the incoming neutron flux must be
* Wavelength spectrum known.

* Monitor efficiency

e |ncident flux |deally measure direct beam with monitor after
* Detector efficiency and uniformity sample position.

* Deadtime
If using the main detector, may need to use

calibrated beam attenuators to reduce beam
intensity and avoid damage to detectors.



Instrumental Calibrations

In a perfect instrument we would know
exactly the incoming neutron spectrum and
count all the neutrons.

In reality, there are various instrumental
effects that need correcting for.

To determine these corrections
calibration methods are needed.

Directly determining the efficiency of the detector

is difficult.
* Wavelength
* Wavelength spectrum Instead we use a “flood source” to uniformly
* Monitor efficiency illuminate the detector and assuming the detector
* Incident flux efficiency is uniform over the detector the
* Detector efficiency and uniformity relative efficiency of each detection element is
* Deadtime determined and the actual efficiency will cancel out

with our measurement of transmissions / direct
beams.



Instrumental Calibrations

In a perfect instrument we would know
exactly the incoming neutron spectrum and
count all the neutrons.

In reality, there are various instrumental
effects that need correcting for.

To determine these corrections

calibration methods are needed.
“Deadtime” is the time for a detection event to
occur and includes the detector response function

and the overhead from detector electronics.
* Wavelength

* Wavelength spectrum

* Monitor efficiency

* Incident flux

* Detector efficiency and uniformity
* Deadtime

Can be determined by making a series of count
rate measurements at increasing count rate and
extrapolating to zero count rate.

At some point the measured count rate vs nominal
count rate may become non-linear. Here we say
the detector is becoming “saturated” and we
generally avoid counting outside the linear region.



SANS Resolution

The intensity measured at each
nominal Q value is, in fact, a sum of
intensities from nearby Q vectors.

This is a result of the beam and the
detector pixels having finite sizes, and
the wavelength having a spread of
values.

The effect is that the scattering that
one would calculate is “smeared” by
a resolution function.

Difficult to “desmear” reliably,
therefore smear model functions in

analysis.
Al A2 Detector

RQ
3— +3—=+ +
Ly 213 L3

A

R: (AR)? RQ(A)\>

o= 35( )

—4— Form Factor
— Resolution Smeared Form Factor

1

Intensity (cm )
o
L

0.1 S

2 i 4 5 7
0.001 0.01

See Mildner & Carpenter, J. Appl. Cryst.17, 1984 for the gory details.



Small Angle Techniques and Length Scales

Approximate Size Probed
10 um 1 um 100 nm 10 nm 1 nm
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USANS - What and Why?




USANS - What and Why?

tan260 =

m Ly

=370




USANS - What and Why?

tan260 =
s Lbs

=370

Q=3xI0°A' A=6A




USANS - What and Why?

tan260 =
s Lbs

=370

Q=3xI0°A' A=6 A —




BT-5 USANS Instrument Layout

Main D[etector Monitor
Monochromator Sapphire Filter
Sample Changer Graphite Filter
Huber Stage
N\
\ ———————————————————
N
Analyzer

Transmission
Detector

Isolation Table

Premonochromator



USANS Resolution

i 10° -

10

10

Intensity (em’)

()

S
L0
Agq =0.117 A

Aqg,=2x105 A"

10°

7
10 7

6 _|
. \
10" -
10°
10°

1
10 7

10° -

— Form Factor
— Resolution Smeared Form Factor
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0.0001
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VSANS

To get to lower Q without adversely impacting resolution, TPA at LLB
we want to have more tightly collimated neutron beams. V16 at HZB

VSANS at NCNR

BUT this reduces flux significantly.

So ... we can use many tightly collimated beams all

. . . = _4 o _I
converging at the detector. Typical minimum Q = IxI10* A

Flux is improved by the number of converging beams.

Sample

Detector

Not to Scale!
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SANS Instruments Around the World
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SANS Instruments Around the World

Monochromator

velocity selector
Eleanore/ Felicia (ASTRIUM standard AN = 9%
selectors) (PWHM)
incident wavelength variable, 4.5 < A[A] < 40
rn;x. wavelength at max. detector dist. (39 A=2R
m
selector rotation normal to n-beam possible -7 deg to + 7 deg
minimum wavelength at rotation -7 deg A=32A

Collimation

ILL

D33

11 guide sections (computer controlled)
uncoated glass guides (SwissNeutronics)

diverging "trumpet” + straight guide +
focussing guide near sample position

cross section (height x width) :

50 x 30 mm? -> 50 x 45 mm® over 6.5 m
straight guide 50 x 45 mm®  over 28 m
50 x 45 mm? -> 35 x 31.5 mm? over 4 m

guide-to-sample distances

15, 2.5, 4,55, 8, 10.5, 13.5,
16.5, 20.5, 28, 34, 40.5m

(12 discrete distances)

Attenuators

choice between 3 cadmium sheets of different transmission {computer controlled)
T,=3.461 10~ (att 1), T,=1.089 107 (att 2), T,=3.524 10 (att 3)

Sample area
flux at specimen at lowest resolution 1-10° nam%s?
typical sample size 10 x 10 mm?
Detector

sample-to-detector distances L

variable between 1.2 mand 39 m

momentum transfer range 310°<Q[AY =1
detector type *He gas detector (CERCA)
area 96 x 96 cm?

pixel size 7.5 x 7.5 mm*

background 1 Hz on whole multidetector
detector deadtime 420 ns

Wavelength Definition
Monochromatic
Mode:
Velocity selector _
(Astrium) ANA = 10 % (standard)
Wavelength range 4.5 < NA < 40 (for ANA = 10 %)
Time-of-Flight (TOF)
Mode:
4-chopper system
(Astrium)
Monochromator Wavelength cut-offs 14 A and 20 &
velodty selector Anatole ANA = 10 % (standard) Wavelenth resolutions ANA = 2 % to 26 % (depending on chopper pair & detector
wavelength 4.5 < NA < 40 (for ANA = 10 %) distance)
Collimation e

4 movable guid

8 guide sections 55 x 40 mm sections gude 25m

1.4, 2.0, 2.8, 4.0, 5.6, 8.0, Beam nose 28m
source-to-sample distances / m 11.2, 14.4, 17.6, variable
apertures at 19.1 Guide cross-section 30 x 30 mm
Sample area Source-to-sample 28,53, 78,103, 12.8
) distances (m) o e e

maximum flux at sample 2x108 2.1

for ANA = 10%) 1.2x10° ncm™* s

( Source apertures 30x50 mm (off-centre), 30x30 mm

typical sample size 10 to 300 mm? diameters: 5, 10, 20, 30 mm

Sample area
) Maximum flux at sample
distances 11...176m 4.1x10" nem? !
fi =1
rotation 2° < 20 <22° {for ANA = 10%)
ightness (flux / unit 2 - .

horizontal offset 5..50 cm ;.:r?d angle)( [u 3.57x10* nem? s strd™t

area 102.4 x 98 cm? Maximum sample 15 15
dimensions mm x 15 mm

pixel size 8 x 8 mm?

- t Sample changer, Electromagnet, Cryostat, Cryomagnet, Furnace,
maximum counting rate 5 MHz S exieres Stopped-flow, Shear cell
electronic noise 2 Hz for the whole multidetector Detectors

Sample - Detector

distances 1.2..128m
Detector 1 (rear):

Single panel monoblock | €40 x 640 mm

Pixel sze 5 x 5 mm? (128 x 128 pixels)
Maximum count rate 4 MHz (global) ; 3 kHz/pixel (local)
Detector 2 (front):

4-panel monoblock

160 x 640 mm each panel

Pixel sze

5 x 5 mm? (32 x 128 pixels)

Maximum count rate

4 MHz (global) ; 3 kHz/pixel (local)




SANS Instruments Around the World
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SANS Instruments Around the World

Incident wavelengths

20-140Aat 10 Hz

Momentum transfer, Q

Depends on sample-detector

distances and detector offsets:

Qn~0.002 A1 Q. ~3 A"

ISIS

Isis Beamline

E2, viewing the coupled cold moderator

Primary flight path

30©.Ni super-mirror bender (to remove

neutrons with wavelengths less than 1.5
A), upstream scintillator monitor, overcount
protection fast shutter, variable-opening
counter-rotating disc chopper, 5x2 m
moveable evacuated collimation sections
(each with choice of Ni guide sections or
plain pipe) for variable incident collimation,
5 moveable aperture strips (each with
different size apertures), sample position
scintillator beam monitor, sample aperture
strip, final collimation tube.

Sample position

Around 19 m from moderator. Side
access. No height restriction. Beam is
approximately 1 m above base plate.
Crane access possible (SWL <5000 Kg).
Sample transmission scintillator monitor
on motorised rack. Provided with water,
helium and electrical services.

Beam size at sample

Defined by sample aperture strip and final
collimation. Up to 15 mm diameter is
possible, typically 8 mm diameter.

Neutron flux at sample

Dependent on collimation, accelerator
performance and target type. Typical time-
averaged flux is currently estimated to be
>106 cm-2 s-1 (ISIS TS2 at 10Hz, 40 uA

800 MeV proton beam, tantalum target).

Secondary flight path

Evacuated tank containing detectors.

Detectors

Two 2He-CF p filled ORDELA "area”

detectors. Active area of each is 96.5 cm x
96.5 cm with 5 mm resolution. The
detectors can be moved in the vacuum
tank both along the beam (to vary sample-
detector distance between 2 and 12 m)
and to give a sideways offset (to extend
the Q range at a given detector distance)
of up to 1200 mm. The front detector can
also be rotated to face the sample.
Detector mapping under software control.




SANS Instruments Around the World

Incident wavelengths

22-100Aat25Hz,22-6.7A0r6.3-100A
at 50 Hz

Momentum transfer, Q

0.006 - 0.24 A-1 (main detector)
0.15 - 1.4 A-1 (high-angle bank)

Dynamic range in Q

40 (on main detector), 230 (simultaneous use of
all detectors)

ISIS

Isis Beamline NS, viewing the 25 K liquid hydrogen (lower)
moderator.
Primary flight path Soller supermirror bender (24 mrad, to

remove neutrons with wavelengths less than
2 A), upstream scintillator monitor, aperture
dial No 1, variable-opening (2 - 126 degrees)
disc chopper, frame overlap mirror (removes
neutrons with wavelengths greater than 12
A), 3 m evacuated flight tube, sample position
scintillator beam monitor, aperture dial No 2,
final collimation tube.

Sample position

Around 11.1 m from moderator. Approximate
size is 0.4 m (parallel to beam) by 1.5 m. No
height restriction. Beam is approximately 0.63
m above base plate. Crane access possible
(SWL 1000 Kg). Sample transmission
scintillator monitor on motorised rack.
Provided with water, helium and electrical
services. Secondary, top-loading, in-vacuum
sample position with limited access and
services around 12.5 m from moderator
(giving an approximate Q range of 0.01 - 0.34

A1),

Beam size at sample

Defined by aperture No 2 and final
collimation. Between 2 - 20 mm diameter.
Typically 8 mm diameter.

Neutron flux at sample

Dependent on collimation, ISIS accelerator
performance and target type. Typical time-
averaged flux is 2x10*5 cm-2 s-1 (ISIS TS1 at
40Hz, 160 uA 800 MeV proton beam,
tantalum target).

Secondary flight path

Evacuated tank to main detector.

Detector

3He-CF4 filled ORDELA "area” detector
15.15 m from moderator. Active area is 64 cm
X 64 cm with 5 mm resolution. Detector
mapping under software control. External,
annular, high-angle, scintillator "area”
detector bank 11.6 m from moderator.




What is SANS good for?

Bressel et al. (2010) Coll. and Polym. Sci. 288, 827

N RN, Biological structures (membranes, vesicles, proteins in solution)

Anovitz et.al. (2013) Geo. et. Cosmo.Acta

Grain Boundary Stress
Axis

(Diarnond Configuration)

Waters et.al (201 I) Macromolecules 44 5776

L.Arleth



Lipid-Protein Co-Aggregation

lipid - protein
co-aggregates

Amyloid plaques associated
with neurodegenerative
disease

In most cases, molecular
mechanisms are not
understood

Goal of this project is to
understand the role that
lipids and membrane
interactions play in
formation of amyloid fibrils hz0

e
-
« %0

Focus is on a-synuclein
which is involved in
Parkinson’s disease

LI T
L

ST

D-Lipid D-Protein

VR funded collaboration with S Linse and E Sparr at LU



Hyperthermia Treatment of Cancer

* Use magnetic nanoparticles with L e
alternating magnetic field to locally e earomeen
heat tumour BNF S 4
 Structure of the nanoparticles has | | e
strong impact on heating response
* Use polarized neutron scattering to O eranshen b Sl ==

understand these differences

Magnetic core

Iem")

JHU
Nanoparticle heating efficiency -
600 "
~&-BNF 100 nm ©
500 - —g=JHU-MION
Iron oxide 10" 4ecea
= ; X crystals
() &~ Nanomag D SPIOs 78
& e : '::‘_Z:/ 10?
- + # 5 Dextran matrix [
g 300 splo "‘ § 10°
5 2w : 10"
- . A 4 .
100 100 nm Qi
0
0 10 20 30 40 50
Peak Field Amplitude (kA/m)

Dennis et al. Advanced Functional Materials, (2015), 25, 4300



Fibrinogen Clots Under Shear

Network Coarse Fiber 10000 3
=3 1—_£4'
1000 = - -‘"--.Wk
- ' —_; %
100 — 3 %
§ 10 = QA )
> °3
e
= |
£ . SANS
1= Fibrin Yo,
. 2 mg/mL \*:‘,, e,
p 8 mg/mL W
e H — Fllgg?brle Cylinder \'\:\‘ ‘ﬁ-’;f-;_‘
. Rigi¢ Cylincer -‘:,,. f‘;é;&f
| Ve
0.001 T T T T T ‘1""7 T '“.‘"lu
0.0007 0.0 : 9.01 0.1
QA)
Combined SANS/USANS provides Neutrons allow us to study the system
structural information over 4 orders of under shear and under biologically

magnitude. relevant conditions




Fibrinogen Clots Under Shear

2D Scattering 2D Fit 1D Scattering
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Weigandt, Porcar and Pozzo, Soft Matter, 2011, 7, 9992
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Fibrinogen Clots Under Shear

2D Scattering 2D Fit

1D Scattering
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Weigandt, Porcar and Pozzo, Soft Matter, 2011, 7, 9992
Weigandt, Pozzo and Porcar, Soft Matter, 2009, 5, 4321
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Carbon Nanotubes in Epoxy

BisphenolA NIRRTV | -
T=25°C

'.'A -
= 10"
1.8 =
- 5.0 A
ot 107 10F 107
10° q(A™") Floc size is invariant under different
Bisphenol F concentration conditions. This
z T=25°C suggests that it is floc-floc
1 . . . .
o ¥ interactions that are determining
5 elastic network strength.
= 10"

10* 107 1 10% 10"
q (A7)

T. Chatterjee, R. Krishnamoorti, Phys. Rev. E., 75 (5), 050403, 2008
T. Chatterjee, A. Jackson, R. Krishnamoorti, J. Am. Chem. Soc, 130 (22), 6934, 2008



Hydration in Cement

Calcium Silicate sheets

1013
» OPCinH.O with OH- groups
. : — Model ﬁt‘ B Interlayer space with
10 SN e physically bound h20
NN CSH component
- ‘\\ Model fit - Adsorbed H20
. \ il Liquid H20 in
< nanopores
510 |
E
o 10
i S5nm {
]
10- ’ . .
Eractal Combination of SANS/USANS and
10 model fits SAXS/USAXS gives detailed information
about the mean formula and mass
107 4 001 0.010 0.100 1 000 density of calcium-silicate-hydrate
Qinm-') without drying - the first such
measurement.

Allen AJ, Thomas ], Jennings HM. Nature Materials, 6(4), 311 (2007)



Sphere Packing and High Internal Phase Emulsions

I (cm-1)

89 89 3
10" 10

Q(A-1)

10"

A plausible model can be found for the
scattering from mixed size spheres

10'®
10"°
10"

107 There is self-segregation of the large
and small sphere populations - they are

not perfectly mixed.

10" =

I (cm-1)

10" -

Packing fractions suggest that
electrostatic forces are important at this
10° 1 length scale

Q (A-1)

Reynolds, P. A., McGillivray, D. |, Jackson, A. J., & White, J. W. (2009) Physical Review E 80(1), 011301



Flow Mapping in Polymer Melts

Melt Flow

Direction
10mm

]

2|

3

4
Incident g
Neutron 8
Beam ]

Flow

McLeish et al., Soft Matter, 2009, 5, 4426
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Summary

There are multiple technical solutions to measuring small-angle scattering with
neutrons (pinhole vs bonse-hart, monochromatic vs time-of-flight)

In all cases, the physics involved is the same - and essentially the same as for x-
rays and light.

Processing the data requires knowledge of some instrument specific values and
calibrations — which must be provided by the facility.

So, choice of SANS instrument for an experiment is driven by the needs of the
experiment in terms of Q-range, resolution and sample environment

Thanks to Steve Kline and Boualem Hammouda for some of the slide material.
See “The SANS Toolbox™ by Boualem Hammouda for more info on SANS



