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SAGA

An initiative for a GISANS instrument at the 

ESS 

A concerted Swedish initiative based on the close collaboration and joint efforts 
of all the main Swedish research institutions with neutron activities and funded 

by the Swedish research council.
Goal: Competitive instrument proposal to ESS 



Surface science with neutrons



Bibliometric study (Sweden)

Hanna Barriga, Marité Cárdenas, Stephen Hall, Maja Hellsing, Maths Karlsson, Adriano Pavan, Ru Peng, 
Nanny Strandqvist & Max Wolff (2021) A Bibliometric Study on Swedish Neutron Users for the Period 
2006–2020, Neutron News, 32:4, 28-33, DOI: 10.1080/10448632.2021.1999147



Background - GISANS
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Appendix 2: 
Publications: 
These numbers have been extracted from Google Scholar so should be considered as a rough guide to the 

rate of publication. The first GISAXS paper appears to be published in 1989: J. Appl. Cryst. (1989). 22, 

528-532 [https://doi.org/10.1107/S002188988900717X ]. Over the next ten years the rate of publication 

was modest but from around 2000 the rate of publication has accelerated almost exponentially. This 

coincides with the improvement in area detectors at synchrotron sources and the technique becoming more 

well-known and widely available. 

 

 

The first GISANS papers appeared in the mid 1990’s (W.A. Hamilton, P.D. Butler, S.M. Baker, G.S. Smith, 

J.B. Hayter, L.J. Magid and R. Pynn, Physical Review Letters 72, 2219 (1994) and other publications of 

the same group. They discussed the technique as near-surface or over the horizon SANS). Broadly the 

publication rate shows a similar trend to that seen for GISAXS. Today the publication rate is about a factor 

of ten less than for GISAXS probably because of its shorter history and the lower availability of GISANS 

instrumentation. 
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Appendix 3 

Available GISANS and GISAXS Beamlines 

There are more than 50 synchrotrons around the world (see lightsources.org) and it is likely that most of 

these have some capacity to do GISAXS. A short survey of some major facilities is listed below. 

The following beamlines advertise GISAXS capability on their website: 

Diamond: I22, I07 

Soleil: SIRIUS, SIXS, SWING 

ESRF: ID01, ID03, ID10, ID13, ID31, BM02, BM28, BM32 

PETRA III (DESY): P03 (also hosts an regular workshop on GISAXS) 

SLS (PSI): X12SA 

Australian Synchrotron: SAXS/WAXS 

Spring 8: BL03XU 

APS: 8-ID-E, 12-ID-B, 12-ID-C,D,  

ALS: 7.3.3 

NSLS-II: BM-11, 4-ID, 12-ID, 11-ID 

PLS-II Pohang: 3C SAXS I, 9A U-SAXS 

In total there are 27 beamlines from this list at the 11 leading facilities. Part of the reason that GISAXS is 

becoming much more widely available is the technical ease of implementing this capability on existing 

beamlines. Synchrotron sources tend to deliver small monochromatic beams which inherently provide the 

high wavelength and spatial resolution that GISAXS requires. In order to implement the technique on an 

existing SAXS beamline is therefore, simply a case of allowing for sample manipulation commensurate 

with the grazing incidence geometry. This is not the case for GISANS because the source may be 

polychromatic and the instrument optics tend to be much more instrument specific and optimised for 

intended experiment. It is still possible to perform GISANS on other instrument types, but the consequence 

is that the instruments are not optimised for these experiments. As a result, the number of instruments that 

can allow GISANS experiments is much more limited, as can be seen below.  

Table 1. Characteristics of instruments used for GISANS, * Interface geometry 

Instrument  Facility Type Detector dist.  Comment 

D22 ILL SANS up to 18m Monochromatic SANS 

SANS2D ISIS SANS  ToF SANS 

KWS2 FRM2 SANS up to 20m Pinhole SANS 

Figaro ILL Reflectometer 3m Horizontal 

REFSANS FRM2 Reflectometer up to 12m Horizontal*, Focusing 

PA20 LLB SANS  Facility closing 2019 

MARIA FRM2 Reflectometer 4m Polarised 

SuperADAM ILL Reflectometer 8m Polarized, Swedish CRG 

 

  
The only dedicated GISANS beamline REFSANS faces design challenges



Instrumentation at ESS

Diffraction: DREAM, HEiMDAL, MAGIG, NMX


Engineering and diffraction: BEER, ODIN


Large Scale Structures: ESTIA, FREIA, LoKI, SKADI


Spectroscopy: BIFROST, CSPEC, MIRACLES, T-
REX, VESPA

15 instruments under construction:

15 instruments under construction

Plans and space for instruments 16-221

Possible future expansion to up to 35

1ESS Technical Design Report, Chapter 2, ESS, Lund (2013).

Priority 1 (good existing proposals / no funding): Fundamental physics, High resolution NSE

Priority 2: High-pressure diffraction, Very fast spectroscopy, Wide bandwidth spectroscopy, High 
magnetic fields, Grazing incidence SANS

Priority 3: Bio-SANS, Hydrogenous sample diffraction, Wide angle spin echo

Plan and space for instruments 16-22
Source: ESS

ESS capability gaps:

Possible future expansion to 35 instruments



T

Scattering geometry

Grazing incidence scattering, 
in: French-Swedish winterschool on neutron scattering: Applications to soft matter Eds.: M. Wolff, F. Cousin 

EPJ Web of Conferences 188, 04002 (2018). 



Drying of cellulose coatings

C. J. Brett et al.,

Water-Induced Structural Rearrangements on the Nanoscale in Ultrathin Nanocellulose Films 

Macromolecules 52, 12, 4721-4728 (2019)
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More examples
Soft matterHard matter

Depth resolved structure of polymer micelles in contact with 
differently treated silicon surfaces.

The panels to the left highlight the need of high resolution to 
distinguish surface from bulk scattering.

Magnetic scattering from a FePd thin films with strong 
perpendicular magnetic anisotropy (panel a).

Simulations (panel b) using the DWBA reveal the 
magnetic domain structure.

J. Appl. Cryst. 47, 130–135 (2014)J. Magn. Magn. Mater. 476, 483-486 (2019). 
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Effect of resolution
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that relatively time-consuming GISANS studies fail to get beamtime. Today a typical GISANS 
measurement on one sample needs up to 1 day or more where at least 10-20 samples for SANS can be 
analysed during the same time. Another challenge concerning grazing incidence scattering studies is the 
relatively complicated data analysis. This challenge is being addressed by the BornAgain project at Jülich 
Center for Neutron Scattering. ESS already contributes to this project for reflectometry data analysis and a 
collaboration with the BornAgain team and the wider community has already been initiated and is 
progressing well. Here a large effort is needed and should be an integrated part of a future GISANS project. 
The 15 instruments under construction at ESS include two neutron reflectometers and two SANS 
instruments. The FREIA horizontal and ESTIA vertical reflectometers are optimised for specular 
reflectivity and limited with respect to lateral resolution and the SKADI and LokI SANS instruments have 
detector and general design limitations hindering competitive GISANS studies. 
The ESS Technical Design Report3 describes the case for a dedicated surface scattering beam line with a 
horizontal sample geometry optimized for ToF-GISANS, currently planned as one of the instruments 16-
22. Until now no concrete actions have been taken in response to this case study, which opens up an 
opportunity for the Swedish neutron community.  In fact, given the experience and needs of the Swedish 
researchers we see an ideal case for Sweden to become engaged and take the lead in such an instrument 
project. ESS fully supports this initiative and, if funded, will be able to contribute in terms of scientific, 
engineering and project management expertise. 
 
Provisional concept for a surface scattering beamline 
While we do not wish to second guess to the conceptual 
design process, we can already make some suggestions 
towards the specification of the instrument. Given the 
scientific interest in surface scattering with neutrons, 
including liquids and soft materials, we expect that a 
horizontal sample geometry is preferable. GISANS is a 
technique that requires a large flux of neutrons and is 
currently often hindered by the limited brilliance 
available at today’s sources. For example, currently 
large sample sizes are required which can be 
problematic for nano-structured materials. The 
instrument will therefore benefit from being optimised 
for high flux and smaller neutron beam footprints. The 
ESS pulse structure necessarily implies a time-of-flight 
(TOF) capable machine, which has certain advantages 
as described below. We anticipate that a capability to 
use polarised neutrons would be advantageous since 
this will allow the study of magnetic structures and the 
use of magnetic reference layers, which is becoming 
increasingly popular. 
In order to provide complete three-dimensional 
information, it is important to complement GISANS 
with an off-specular scattering option, as this will 
enable studies of lateral structures over a wider range 
of length scales from 0.4 nm to 30 µm. Since the off-
specular region covers the Q-range below 10-3 Å-1, high 
resolution SANS is probably not required and, 
therefore, a relatively short detector distance (around 10 m) should be sufficient. The critical angle of total 

 
3 ESS Technical Design Report, Chapter 2. ESS, Lund (2013). 

Figure 7. Top panel: Penetration depth of neutrons plotted versus 
incident angle with spread of wavelengths and angles as found on 
a present instrument (D22 at ILL) (dashed line) and a particular 
nominal wavelength and angle spread (solid line). Bottom panel: 
Colour plot of the intensity of neutrons scattered from different 
depth beneath the interface. The steep rise in penetration depth 
results in two regions, one very surface sensitive and the second 
almost probing bulk properties. 
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FIG. 6. The neutron emission density S as defined in equation 3 mapped over depth and incident

wavelength. Note that the values deviate several orders of magnitude. The settings used in our

example (see fig. 3 and 4) are marked by the grey vertical line.

by calculated data. With BornAgain24 a typical GISANS experiment was simulated. The

sample, see fig. 1, was chosen to be three layers with a hexagonal intermediate structure

of 15 nm spheres between two homogeneous layers with the same optical properties. The

values in equation 1 A and B are 1.43 10�6Å
�2

and 2.96 10�9Å
�1
, respectively. The in-

strumental resolution is in accordance with Figure 3 and 6. Figure 7 was derived from the

softwarepackage BornAgain. It shows five cuts of a typical TOF-GISANS experiment and

depicts how the detector image changes for a varying incident wavelength.

Figure 8 shows the result of the calculations following our method for the three depth slices

as indicated in figure 6. Since the hexagonal strucutre is only present at a specific distance

from the interface the left and right panel are expected to show no Bragg reflections. Scat-

tering from the self assembled layer is only present in the middle panel. The intensity in the

right panel is five orders of magnitude lower and most likely a numerical artefact. This shows

that our method works and that in theory an extraction of depth sensitive in formation in

the data processing is possible. For all pictures in figures 7 and 8 the momentum transfer

space ranges isometrically from qy < |0.0868|Å and 0.0061Å < qz < 0.1198Å. We would
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For GISANS high resolution is required (ideally 1 %)

For reflectometry and SANS the resolution may be relaxed (typically 10 %)

Scattering from beyond a semi-infinite interface



Requirements of a GISANS instrument

 A GISANS instrument:

• will require high flux

• should be able to measure reflectivity up to about Qz = 0.35 Å-1

• should be capable of accessing samples with horizontal surfaces 

or in magnetic fields

• have variable resolution (from around 7% to 1-2%)

• have a low background

• have a flexible and spacious sample area for complex sample 

environments

• should allow for wide-angle detectors for GIWANS

Current/initial idea:

Optimise for high resolution/brilliance (long instrument) GISANS on the 

expense of band width

Provide second beam of lower resolution larger bandwidth for 

reflectometry.



International and national collaboration

Within Sweden:

Strong collaborative network including almost all Swedish Universities and 
institutions, e.g. KTH, LU, UU, RiSE, LiU, Chalmers, MaU, SU, GU, MiU, LTU 
and UMU
Industrial interest from e.g. AstraZeneca, Sandvik, ABB, AlfaLaval, Tetra Pak 
and many small companies like Epiluvac
Educational and community efforts by SwedNess and SNSS 

Connection to the international GISANS community: 
Experts from neutron laboratories (PSI, MLZ, JCNS, STFC-ISIS, LLB, ESS) 
participate in meetings to define the instrument scope and design criteria.
Competence building at ISIS, NCNR (NIST) and ESS.
Collaborative projects, e.g., ILL (Super ADAM) and MLZ (Port-GISANS and 
surface dynamics)



Project organisation

Coordination with team members, the science and industry 
community and the funding bodies: T. Nylander (LU)


Conceptual and technical design + evaluate alternative and 
innovative instrument concepts: M. Wolff (UU)


Interface to the ESS and ensure integration into the ESS instruments 
suite and development: T. Arnold (ESS)


Working groups:

Technical developments: J. Birch (LiU)

International experts group: S. Rogers (ISIS), S. Roth (Desy)

Swedish user community: M. Månsson (KTH), M. Cárdenas (MaU)

International user community: Adrian Rennie (UU) 

PostDoc1 (Design), Sebastian Köhler recruited and stationed at LINXS

PostDoc2 (Technical developments, recruitment ongoing)


Engineer (Drawings, 30 % over three years)



Timeline

Recruitment
Preparatory work
Conceptual design (WP1) D1.1 D1.2 D1.3

Task 1.1 Update Science Case
Task 1.2 Define Technical Spec.
Task 1.3 Define Concept
Task 1.4 Feasibility studies
Technical design (WP2) D2.1 D2.1 D2.1

Task 2.1 Detailed simulations
Task 2.2 Prototyping
Task 2.3 Performance tests
Task 2.4 Technical details
Proposal writing (WP3) D3.1 D3.2 D3.3

Task 3.1 Science case & overview
Task 3.2 Budget
Task 3.3 Project planning
Coordination & Engagement (WP4) D4.1 D4.2 D4.3 D4.4

Kick-off meeting
Regular SAGA partner meetings
SAGA GISANS Workshops

Q4-24Q2-23 Q3-23 Q4-23 Q1-24 Q2-24 Q3-24Q4-21 Q1-22 Q2-22 Q3-22 Q4-22 Q1-23



Short instrument (40 m)

No WFM: Resolution 9-3%, Bandwidth: 3 -10 Å, Flux: 2*109 n/s/cm2 


WFM: Resolution 1.3 %, Bandwidth: 4-10 Å, Flux: 3.2*108 n/s/cm2



Long instrument (70 m)

Resolution 4-2%, Bandwidth: 4 - 8 Å, Flux: 2*109 n/s/cm2 
Separate reflectometry guide?



Possible position

3700 m

Reference ISCS

S5



Ongoing work

Technical challenges/developments:
Innovative optics (brilliance transfer)
Focusing on sample/detector
Detector technologies (count rate/dynamic range)
Background suppression
Polarisation – spin manipulation
Focusing in momentum space

Benchmarking: Silica spheres on silicon

BornAgain model integrated into McStas

ACS Applied Materials & Interfaces 15, 3772 (2023)

Research Article Vol. 13, No. 4 / 1 Apr 2023 / Optical Materials Express 1144

Fig. 1. a) Bright-field TEM micrograph of the pure Ni/Ti multilayer. The top right corner
shows the SAED pattern of this sample. b) Dark-field TEM micrograph of the pure Ni/Ti
multilayer. c) High-resolution TEM micrograph of the pure Ni/Ti multilayer d) Bright-field
TEM micrograph of the 11B4C containing Ni/Ti multilayer. e) Dark-field TEM micrograph
of the 11B4C containing Ni/Ti multilayer. The top right corner shows the SAED pattern of
this sample. f) High-resolution TEM micrograph of the 11B4C containing Ni/Ti multilayer.

Neutron reflectivity as well as X-ray reflectivity measurements were performed to investigate
structural parameters of the samples. The specular signal for the multilayer that was co-deposited
with 11B4C is compared to that of the pure Ni/Ti multilayer in Fig. 2. The o�-specular rocking
curve at the first Bragg peak is shown in the insets of the figure. Both techniques show a
significant increase in specular intensity at the first Bragg peak, from 17% to 39% and from 21%
to 32% for neutron and X-ray measurements, respectively. The lower reflectivity of the higher
order Bragg-peaks can be explained by the di�erent thickness ratios within the periods as well as
an observed asymmetry in interface width between both layers for the pure Ni/Ti sample, shown
in Table 2 as obtained by fitting a simulated model to the experimental data. Unlike the higher
order peaks, which are strongly dependent on these factors, the reflectivity at the first Bragg peak
is largely una�ected by this. This makes the first order Bragg peak a better indicator for the
interface width than the higher order peaks.

Both neutron and X-ray measurements show a higher specular intensity for the multilayer
containing 11B4C, despite pure Ni/Ti having a better contrast in terms of scattering length density.
This indicates a significant improvement in terms of interface width, nevertheless the 11B4C
containing multilayer shows a clear increase in di�use scattering as shown in the insets of Fig. 2.
This could indicate that the 11B4C containing multilayer may have more abrupt interfaces with
less intermixing than the pure Ni/Ti multilayer but with a stronger vertical correlation, therefore
leading to a higher o�-specular intensity despite having a smaller interface width. The shoulders
that can be observed at the left-hand side of the Bragg peaks in the specular signal of the pure
sample indicate that several bilayers with a higher period are present in the sample. Simulations
indicate however that this would not have a large impact on the overall reflectivity of the sample.

This process has been performed for both multilayers in this study. The model assumes an
independent initial interface width for each layer with a linear increase in interface width per
period. This linear accumulation of interface width is set to be equal for both layers. The
interface width for the Ni- and Ti containing layer in the j:th period in the multilayer is therefore

Opt. Mater. Express 13, 1140-1149 (2023)

Ion assisted 11B4C growth of NiTi super mirrors

Simulation of separate reflectometry guide
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