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Soft Condensed Matter

Thin film devices

Polymers

Self-assembled Colloids

Biological Membranes

Energy Materials

Patterned Surfaces

Surface Scattering
This instrument will be optimised for high flux grazing incidence

SANS (GISANS) on horizontal surfaces, but will also be well-suited

for complementary surface scattering measurements (reflectometry,

surface di�raction and transmission SANS). Approaching the sample

surface from either above or below the horizon will allow the study

free liquid surfaces and wide range of nano-structured thin film

applications using in-situ techniques and sample environments.

Instrument Description
The instrument begins 2 m from the moderator with a multi-channel bender to take the
instrument out of line of sight of the source. The guide is inclined up at 0.5⇥ to enable
access from below the sample horizon when using in-situ environments such as cone-plate
rheometers. The sample position is located 30m from the moderator. 20 m from the source
the collimation section begins, with slit and pinhole collimation up to 10 m for SANS and
GISANS measurements, as well as vertical slit collimation for reflectometry. In order to access
free liquid surfaces, the last two guide sections will be coated on the top and bottom with m=6
supermirrors to allow the beam to be deflected up to 4.8 ⇥ up or down, giving access to an
angular range up to 5.3 ⇥ from below and 4.3 ⇥ the sample surface. At a typical collimation
and a 3m detector distance for specular reflectivity measurements the usable bandwidth
of 2-9Å allows a competitive Qz-range of 0.0050-0.47 (0.58) Å�1 to be covered for both
liquid and solid interfaces. For GISANS and SANS measurements, the instrument will have
a variable detector position from 1-15m from the sample, giving a Qxy range of 1 x 10�3 - 2 Å�1.

The instrument will have a 0.5 m � 0.5 m high resolution (< 1mm pixel size) detector inside a
short evacuated tank. The detector will be able to move within the tank to vary the accessible
Q range and to match the incident collimation. For higher specular angles the detector tank
will be tilted up to to match the beam angle.

82 CHAPTER 2. NEUTRON SCIENCE
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Scientific case
Understanding self-assembly of 2-3D nano structures at surfaces and interfaces is a topical
challenge in both soft and hard condensed matter. The structures of interest range from a
few nanometers up to micrometers in dimensions, and are often di⌅cult to characterise using
optical techniques due to their small size, or because many interesting phenomena such as
shear alignment of soft colloids take place at buried interfaces. With small angle scattering in a
grazing incidence geometry, such structures can be characterised on this length scale to reveal
lateral morphology, particle size and inter-particle distances. GISANS is an emerging technique
which the ESS is particularly well placed to develop further, as the demand for it is high but the
scattering from thin films is flux limited. Time of flight GISANS has the additional advantage
of being able to monitor structures at di�erent distances from the interface using the natural
penetration depth of evanescent neutrons which depend on wavelength. Such experiments have
successfully been demonstrated, as illustrated in the figure below, but wide spread use and big
applications are still missing due to lack of dedicated high flux instruments.

The collimation, bandwidth and resolution requirements for GISANS di�er significantly
from those for that are optimal for specular reflectometry, and thus GISANS measurements
are di⌅cult to accommodate on reflectometers designed for specular applications. A ded-
icated instrument is thus required to optimise Tof-GISANS for advanced applications and
weakly scattering thin films. Particular applications that will benefit from the geometry
of this instrument will be free-liquid interfaces and in-situ experiments employing special
sample environments (such as cone-plate rheometers) or complementary optical techniques
(such as ellipsometry or fluorescence microscopy). The instrument will additionally be ca-
pable of the specular measurements required for a full 3D analysis laterally structured thin films.

Tof-GISANS recorded from a submonolayer of polymer islands, using the variation of penetration
depth of di�erent wavelengths to probe the structure at di�erent distances from the surface [?].

Instrument Parameters

Moderator Cold
Wavelength Range variable depending on detector position
Moderator - sample distance 30 m
Sample to Detector distance 1-15m
Qz-range 0.005 - 0.47 (0.58) Å�1

Qxy-range 1� 10�3 - 2 Å�1

Flux at Sample Depends on collimation and geometry
Sample environnements Air-liquid, solid-liquid, in-situ techniques (rheometry, microscopy
Detectors 0.5m x 0.5m with 0.5mm resolution for GISANS, low resolution/

wide angle banks for SANS
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FREIA Business Case 
Time-resolved and high-throughput reflectometry to match ESS long pulse performance 
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Possibilities of pulse shaping: !
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2015 design!

~90 x ILL!

Fast shutters: 0.0035 - 0.4Å-1 in one shot 

Flexible collimation options: 

ESS will allow ms-s measurements over a wide Q-range: 
#! Avoid unnecessary movements/configuration changes 
#! Long-pulse/14Hz ideal for fast kinetics using a broad λband 
FREIA is optimised for time-resolved/hight throughput studies: 
#! Wide  vertical divergence  - no movement of sample 
#! Extended simultaneous Q range with fast shutters 
#! High flux mode: dλ/λ = 3-17%  - kinetics, thin films (<150Å) 
FREIA is a flexible instrument  for broad science coverage 
#! High resolution mode: dλ/λ = 1.5%  - thick films, GISANS 
#! Flexible collimation for liquids, in situ SE, small samples 
#! Polarised beam /PA option for magnetic materials/contrast 



?/3(&71'2.-3&32(&,0&
•! #282-.*'&*S&/'L823&/3&S,'-.*'&*S&.92&
–! (B)22&0/1)3&*S&0)2-131*'&381(3&z&S/3(&3B,b2)&92-B/'139&(*&3282-(&*02'&381(&/3&S,'-.*'&*S&.92&

40mm!

3 stacked slit pairs!

from above:!from behind:!

shutter  blade!

precision
slits

fast shutters
for beam selection

t1

t2

t3

a1

a2

a3

one reflection
arrives at detector

at a time

R1

R2

R3

3 pairs of movable
precision slits

t1

t2

t3

a1

a2

a3

R1

R2

R3

data at one reflection
is collected sequentially

at each angle

1)

2)

precision
slits

fast shutters
for beam selection

3081(&L,1+2&0)2F2'(3&
-)*33R(/87&

`*.*'&3(,+=&U#(2G/)(&A,882'D&4##&Xk&
R! 3=3(29&S2/31Y82&G1(B&32)F1-2&1'(2)F/8&*S&ORKM&9*'(B3&
R! 190/-(&*S&L,1+2RQ28+3&(*&Y2&/++)2332+&1'&+2(/182+&+231L'&
R! 1'(2L)/(2+&+231L'&*S&3B,b2)&/'+&381(&/3329Y8=&
R! 0)**S&*S&/&-*'-20(&0)*(*(=02&(*&(23(&02)S*)9/'-2&
R! #20/)/(2&1'R71'+&G*)70/-7/L2&*[2)2+&(*&+2F28*0&(23(R)1L&

S*)&(2-B'*8*L=]&



>1'2/)&3B,b2)3&S*)&S/3(&71'2.-3&
•! three independently operated shutters running at up to 14/3 Hz: 




