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Neutron scattering techniques are very versatile investigative tools of microstructural phenomena in
materials, using high flux, low energy neutron beams in conjunction with specialised instruments
located at large research centres. These techniques find application in diverse fields of scientific and
engineering disciplines such as the study of the molecular structure inside materials which can be
directly linked to the physical and chemical properties experienced in the everyday world. While it is
applicable to most chemical elements it has a particular focus on light elements, especially hydrogen.
Thus, it is highly complementary to synchrotron studies with X-rays that excel for the heavier elements.
Neutron scattering provides observables that are readily calculable, thus modelling and neutron
scattering are a natural partnership. There are a small number of centres for neutron scattering
worldwide as the production of neutrons in sufficient quantities for useful science requires highly
specialised facilities.

South Africa has participated actively within Work Package 2 (WP2) of the BrightnESS? project of the
European Commission (EC), aimed at “Establishing a common roadmap and implementation strategy
for future neutron capability”. Within this activity, South African access to the European neutron
science community and facilities is on offer to enable its researchers to become an integrated part of
the community. Within the BrightnESS? consortium, the South African partners, Necsa SOC Ltd and
NRF-iThemba LABS, facilitated the groundwork for this report, by engaging with the science
community to determine the user needs in South Africa for neutron techniques (D2.4) on behalf of the
Department of Science and Innovation (DSI) as coordinated by Dr Daniel Adams (Chief Director: Basic
Sciences and Infrastructure). Activities encompassed two in-person workshops in South Africa, August
2019 (M8) and June 2020 (M18). Due to the severe impact of the COVID-19 pandemic from March
2020, the second workshop was replaced by ten mini-symposia conducted as on-line virtual events
(M20 - M21). An overview of the schedules, scientific programs and participation with the two events
are respectively given in Appendix 1 and Appendix 2. The latter were typically arranged as 2.5 hour
virtual sessions that comprised talks by international and national experts, with involvement of
inexperienced neutron users, concluded with consultative discussions. This format enabled much
larger participation substantiated by extensive international expert inputs.

The overall objectives with these events were to consolidate the South African neutron community,
attract new interest, to assess short and long term needs, as well as identify consensus from the
community on modalities for international access, with special interest in the European neutron
landscape and the European Spallation Source ERIC (ESS) being established in Lund, Sweden as the
future premier neutron scattering facility. The outcome of the Workshops and relevant background
information is contained in this document to advise the DSI towards their consideration on the level
and extent of National support required, as well as international facility access, to facilitate and drive
neutron science in South Africa as an imperative component and contributor to a knowledge-based
economy in the short, medium and long terms.

o BrightnESS? is funded by the European Union Framework
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The key outcomes of the Workshops are:

South Africa has a small, but vibrant, multi-disciplinary neutron science community that performs
high-level research utilising neutron techniques both at the National facilities, SAFARI-1 and
iThemba LABS, as well as at leading international facilities.

o Access is on peer review of submitted research proposals within open User Access programs.
This mostly occurs on an ad hoc basis via personal contacts.

o South Africa does not contribute financially to the beam time or facility infrastructure use at
international facilities.

Flagship international centres are extremely well resourced having on offer instruments that cover

the full spectrum of neutron scattering applications, benefitting diverse disciplines that include

physics, chemistry, mineralogy, biosciences, material sciences, agricultural sciences, medical
sciences, palaeontology, heritage sciences, engineering, product manufacture and beneficiation,
etc.

o The beam time demand generally oversubscribes the instrument availability by more than 200%.

The ESS, to be commissioned in 2023, will be a multi-disciplinary research facility focussed on an

extensive suite of neutron scattering facilities utilising the world’s most powerful neutron source.

It will provide unique research opportunities within materials research, enabling scientific

breakthroughs addressing some of the most important societal challenges in research related to

materials, energy, health and the environment.
o The research infrastructure is owned by 13 European nations, with international partnerships
pursued. South Africa has been invited to join in an official capacity.
Two world-class neutron diffraction instruments exist at the SAFARI-1 Research Reactor:
o Respectively applied to the niche applications neutron powder diffraction and neutron strain
scanning:
= The diffraction instruments are equipped with in-situ sample environments that enable
temperatures 1.5 K< T< 1800 K.

= The neutron strain scanner capability is an active participant with Task 2.3A of the
BrightnESS? project [1], with set aims the standardisation of measurement approaches and
the establishment of a Neutron Quality Label for this technique.

o Comprehensive studies are possible in the niches listed, which in addition can contribute
preliminary results towards enhancing the scientific merit and likelihood of success of proposal
that require specialised spectroscopic and scattering techniques at forefront international
centres.

o The modernisation of the neutron imaging facility is in process.

Capacitation and utilisation of these facilities should be substantially expanded as a priority to
accommodate an enhanced local User Base and present first-line hands-on training in these
exciting techniques in collaboration with the Higher Educational Institutions.

! R.S. Ramadhan, S. Cabeza, T. Pirling, S. Kabra, M. Hofmann, J. Rebelo Kornmeier, A.M. Venter, D. Marais, Quantitative analysis

and benchmarking of positional accuracies of neutron strain scanners, Nuclear Instruments and Methods in Physics Research, A,
999 (2021) 165230. https://doi.org/10.1016/j.nima.2021.165230
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Experienced South African neutron users have established collaborations with prominent
practitioners and facility personnel (instrument scientists), in many cases from necessity to
complement capabilities that do not exist in South Africa. These include magnetism,
crystallography, engineering applications (residual stress and texture), energy storage and
conversions systems (Li-ion batteries and hydrogen fuel cells), structural biology and lifesciences,
palaeontology and heritage sciences. These collaborations should be maintained with continued
financial mobility supported.

Frequently used international facilities by South African researchers are: Australian Nuclear Science

and Technology Organisation (ANSTO) Australia; Institut Laue Langevin (ILL) France; ISIS Neutron

and Muon Source, UK; Joint Institute of Nuclear Research (JINR), Russian Federation; Paul Scherer

Institute (PSI) Switzerland, National Institute of Standards and Industrial Technology (NIST) USA,

Oak Ridge National Laboratory (ORNL) USA.

o These are to access techniques and capabilities not existing locally, such as triple axis
spectrometers, long wavelength (cold) neutrons with related techniques (such as small-angle
neutron scattering, reflectometry), higher neutron fluxes (for better positional resolution) and
special in-situ sample environments such as gas loading studies and in-operando studies
requiring electrochemical cells and electrolysers, as well as deuteration laboratories for contrast
variation studies.

Many inexperienced neutron users have expressed interest in the benefits and value addition

neutron techniques could add to their research. Similarly with the international situation, there is

a general lack of familiarity (sensitivity) to what the techniques can offer, as it is seen to be the

province of purely fundamental research, largely for condensed matter physics. The workshops

have clearly dispelled these perceptions revealing a wealth of information that can be provided to
most scientific and engineering disciplines within both academic and industrial focused research.

o Specialities that can be vastly incorporated in South Africa include topics related to catalysis,
geosciences, organic and inorganic chemistry, nanosciences, structural biology and lifesciences.
These mostly require in-elastic diffraction techniques and scattering applications, frequently in
conjunction with isotope substitution (deuteration) and labelling.

The initiative to have the SAFARI-1 research reactor replaced by 2030 with a modern high flux Multi-

Purpose Reactor (MPR) is very well received. It is essential that the MPR provides thermal and cold

neutron beams to an extensive suite of neutron beam line instruments, equipped with a broad

spectrum of in-situ sample environments, underpinned by multi-skilled and experienced personnel.

Appropriate levels of funding will be required from the DSI to invest in the development of local

facilities, as well as enable inherent growth in the South African neutron science community, both

in size and stature, to the social and scientific benefit of South Africa, as well as all of Africa and the
world community.

o It is important that mechanisms be created to ensure long term sustainability and career
prospects to accommodate students trained in neutron beam line techniques to the benefit of
the MPR and its facilities.

For the existing mobility programs on offer by the National Research Foundation, the South African

neutron science community reiterated the essential need for continued government financial

support to be implemented in a more-timely manner to fund travel, accommodation and
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subsistence for anyone in the community who is awarded beam time at a neutron research facility
through peer reviewed proposals.

e With the ESS becoming the future flagship neutron science facility, future access would become an
essential component of South Africa’s neutron science program. The ESS has invited South Africa
to become a Scientific Member with the membership level and cost to be determined. Similarly to
all international centres, access will be governed by stringent procedures, preferentially based on
a formalised financial contribution. The level of membership and financial contribution should be
negotiated based on future anticipated usage.

7.1.Neutron history and science

The significant interest and utilisation of neutrons in scientific research dates back to their discovery
in 1932 [?][?]. The inherent value that their particle and wave duality contributes to scientific research
was quickly identified and applied to measurements of neutron cross-sections in the 1940s, followed
by innovative utilisation by crystallographers and condensed-matter physicists in the 1950s. The
development of “cold” neutron sources in the 1970s, facilitated delivery of high flux long-wavelength
neutrons, which attracted chemists and later biologists to neutron scattering. During the last decade,
engineers, materials and earth scientists, palaeontologists, etc. entered the fray by exploiting the value
addition neutron scattering and absorption studies contributed in their respective fields.

Neutrons interact with matter through all four forces, the strong, weak, electromagnetic and
gravitational interactions, but it is the interaction via the strong force which makes neutrons a unique
and ideal probe in condensed matter, having significant advantages over other forms of radiation in
the study of microscopic structure and dynamics. The following main advantages have resulted in
neutrons becoming increasingly important for research by virtue of their unique properties:

e The wavelengths of thermal neutrons are similar to atomic spacings. This property is directly
exploited to provide structural information over nine orders in length scale (10° to 10* A), i.e.
measurements are possible over length scales ranging from that of the wave function of the
hydrogen atom to those of macromolecules.

e Neutrons interact primary with the atomic nuclei, whereas X-rays interact with the diffuse electron
cloud. This has major advantages, such as enhanced sensitivity to detecting light atoms (such as
hydrogen) in the presence of heavier ones, and to distinguish neighbouring elements. In addition,
since the scattering cross-section of an atom generally varies between isotopes of the same
element, exploitation of isotopic substitution methods to yield information on structural and
dynamics is possible in great detail. This facilitates the use of contrast variation, which enables
contrasting out parts of a complex system, for example the nucleic acid or the protein component
of a virus.

2 F. Mezei, History of neutrons and neutron scattering. In: F. Bassani, G.L. Liedl, P. Wyder (Eds).
Encyclopedia of condensed matter physics. Amsterdam: Elsevier (2005) 76-83. ISBN:0-12-227610-8

3 T.E. Mason, Pulsed Neutron Scattering for the 21st Century. Physics Today (2006) 59(5), 44-49.
https://doi.org/10.1063/1.2216961
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e The energies of thermal neutrons are similar to the energies of atomic motions. Neutrons can be
delivered over a wide range of energy scales, from neV associated with polymer reputation
(thermal motion), through to molecular vibrations and lattice modes, to eV transitions within the
electronic structures of materials.

e Neutrons possess a magnetic moment. The neutron’s magnetic moment is ideally suited to the
study of the microscopic magnetic structures and magnetic fluctuations that underpins magnetic
phenomena in materials.

e Neutrons only perturb the experimental system weakly. This greatly facilitates interpretation and
often means that neutron scattering provides the most reliable scientific results in areas as diverse
as the structure of water or the strain mismatch in superalloys used in turbine blades.

e Penetrating, non-destructive investigations. Due to the very weak interaction of neutrons with
matter, experiments are non-destructive, even for complex, delicate biological materials. This also
permits examinations of the interior of materials making them a genuine microscopic bulk probe
which allows the routine use of complex environments such as furnaces, cryostats, and pressure
cells, and enables the study of bulk processes under realistic conditions.

Today neutron scattering techniques are extensively used to provide fundamental microscopic
information on the structure and dynamics of materials in the pursuit of our understanding of
interactions in condensed matter. Applications are in fields as diverse as materials science, chemistry,
biology, the earth sciences and physics. It has made outstanding contributions to detailed
understanding of technically important materials such as plastics, proteins, polymers, fibres, liquid
crystals, ceramics, hard magnets and superconductors, as well as understanding fundamental
phenomena associated with phase transitions, quantum fluids and spontaneous ordering. The benefits
and contributions of neutron scattering techniques were formally recognised with the awarding of the
1994 Nobel Prize for Physics to Bertram Brockhouse (Canada) and Clifford Shull (USA) for their
pioneering efforts in the 1950s [*].

7.2.Neutron Production

Neutrons are abundant throughout nature. Along with protons and electrons, they form the basic
building blocks of the material world. Neutrons are tightly bound together with protons in the nucleus
at the centre of an atom. The most common methods of creating free neutron beams for materials
research are by means of nuclear fission of uranium fuel in a reactor, or through spallation, where a
high-power accelerator fires a particle beam into a metal target to release neutrons. These two
processes are shown in Figure 1.

Figure 2 shows the advancement in thermal neutron flux levels attained with neutron sources over the
last 9 decades. Initially free neutrons were produced with particle-driven accelerators, followed by
fission neutrons from nuclear reactors in the 1940s to the present. Nuclear reactors dominate the
neutron production arena due to their high neutron brightness. The neutrons from such steady-state
sources are produced continuously with high energies (MeV). These neutrons become useful in
neutron scattering applications when thermalized to meV energies with a broad band of highly
selectable wavelengths. The energy distribution of the neutrons can be shifted to higher energies
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(shorter wavelengths) by allowing them to come into thermal equilibrium with a “hot source” (self-
heating graphite block at 2400 K), or to lower energies with a “cold source” (such as liquid deuterium
at 25 K). The resulting Maxwell distributions of energies have the characteristic temperatures of the
moderators.

* Reactors via Fission o @ %
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~ 2-3 neutrons/fission N
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* Accelerators via Spallation Protons
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Figure 1: Depiction of the two dominant methods of producing free neutrons for use in neutron
scattering applications, i.e. fission and spallation.
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Figure 2: The evolution of thermal neutron source fluxes since the discovery of the neutron
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Since the 1980’s, accelerator-based pulsed sources resurged as an alternative option pushing the
envelope even further with the highest neutron fluxes attainable today. In this method, neutrons are
released by bombarding a heavy-metal target with high-energy particles from a high-power
accelerator — a process known as spallation. The low heat dissipation in this process allows pulsed
sources to deliver higher neutron brightness with significantly less heat generation in the target as
compared the most advanced steady-state sources.

Spallation facilities produce powerful bursts of fast neutrons that after moderation into slow and cold
neutron sources, enable studies of a very broad range of applications in pure and applied neutron
science. Such facilities are large scale infrastructures typically constructed and operated by large
international consortia with substantial research budgets supporting extensive international user
communities such as is available in the USA, Europe and the Far East.

The time-averaged flux (neutrons per second per unit area) of even the most powerful pulsed source
is low in comparison with reactor sources. However, judicious use of time-of-flight techniques that
exploit the high brightness in the pulse compensate for this. Although steady-state and spallation
neutron sources each render unique capabilities and advantages with respect to neutron scattering
applications, the two different modes of producing free neutron beams offers highly complementary
probes of matter.

7.3.Neutron applications

Neutrons play a prominent and in many ways a definitive role towards our understanding of the
material world by revealing where atoms are, and what they do. Neutron scattering enables study of
the structure and dynamics of atoms and molecules over an enormous range of distances and times:
from micrometres to one-hundred-thousandth of a micrometre, and from milliseconds to ten-million-
millionths of a millisecond (see figure). While other techniques can provide information either within
the same spatial range or the same temporal range as neutrons, neutron scattering provides a unique
combination of structural and dynamic information Error! Reference source not found..

Techniques based on their scattering from the microstructures of matter enable determination of the
positions and motions of atoms and magnetic phenomena. By employing the wavelength range, and
magnetic and nuclear moments, in conjunction with their weak interaction with matter, various
application techniques, summarized in Figure 3, may be employed to study time and length scale
(structure and motion) phenomena.

4 https://europeanspallationsource.se/science-using-neutrons
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Figure 3: Probing structure and motion [*].

Major technological advances and challenges such as the dramatic revolutions in transport and
manufacturing, the growth of computing and the internet and the steady increase in average life span,
have their origin in understanding and exploiting the physics and chemistry of materials. The goal of
modern materials science is to understand the properties of matter on the atomic scale, and to use
this knowledge to optimise the properties or develop new materials. Neutron scattering techniques
contribute vital information to these quests and successes ranging from studies of geological samples,
understanding of human evolution from the study of prehistoric artefacts, to the development of new
materials for energy production and storage, as well as processes that improve the performance of
manufactured components have been achieved. By combining neutron scattering techniques with in-
situ controlled sample environments, dynamics of chemical reactions at interfaces for chemical and
biochemical engineering, food sciences, drug synthesis and molecular biology can be studied, in many
cases non-invasively and non-destructively. Specifically the superior penetrating capabilities of
neutrons facilitates probing deep into solid objects such as turbine blades, gas pipelines and welds to
give a unique microscopic insight into the strains and stresses that affect the operational lifetimes of
these crucial engineering components. Studies of nano-particles, low-dimensional systems and
magnetism provide information that will impact the next generation computer and IT technology, data
storage, sensors and superconducting materials. Neutrons furthermore enable studies of chemicals
which affect the environment, polymers and plastics, materials for health — from new materials for hip
implants to gels that can help babies with cleft palates. Neutron scattering techniques thus find vast
application in many science, engineering and technology (SET) sectors as depicted in Figure 4.
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Figure 4: Applications of neutron sciences in SET sectors.

7.4.Landscape of neutron scattering facilities

Notwithstanding neutron scattering having been pioneered in North America, Europe is home to the
world’s most intense reactor at the Institut Laue-Langevin (ILL), France, and one of the world’s most
intense pulsed sources, the ISIS Facility at the Rutherford Appleton Laboratory in the UK. This will be
substantially expanded with the next generation source, the European Spallation Source ERIC (ESS)
which will have the highest neutron brilliance yet achieved. The ILL was commissioned in 1972 and has
since maintained the distinction as the most powerful reactor source through substantial periodic
upgrades and modernisation. Recent research reactor additions on the neutron landscape have been
FRM Il at the MLZ Germany, OPAL at ANSTO in Australia, CARR in China and PIK in Russia. A number of
facilities are currently under construction with the RA-10 facility in Argentina being in an advanced
stage. A number of spallation sources have recently been upgraded or commissioned, such as ISIS in
UK (2" target station), J-PARC in Japan, the SNS in the USA and CSNS in China.

Europe contains most of the research reactors, followed by Asia, with a growing interest from Africa
(i.e. Tanzania, Ethiopia, Uganda and Zambia) to expand their nuclear science and technology
programmes, including establishing new research reactors to complement the exist facilities that
present thermal power ranging from 0.1 kW to 22 MW. There are 11 new neutron sources under
construction and 14 planned world-wide [°].

B International Atomic Energy Agency, “Research Reactor Data Base”.
http://nucleus.iaea.org/RRDB/RR/ReactorSearch.aspx?filter=0
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Figures 5, 6 and 7 provide broad overviews of facilities where neutron beam instruments are in
operation at both research reactor- and accelerator-based neutron sources [°].

Figure 5: Facilities using accelerator-based neutron sources. Total facilities encompass 146
located in 31 countries. These comprise 31 compact accelerator-based neutron sources, 84
generators and 11 spallation sources [°].
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Figure 6: Facilities equipped with neutron scattering instruments. Total instruments encompass
362 located in 23 countries. These comprise 128 diffractometers, 104 spectrometers and 130 other
instruments such as small angle scattering, neutron reflectometery, etc. [°].

o BrightnESS? is funded by the European Union Framework
B Programme for Research and Innovation Horizon 2020,
under grant agreement 823867

brightness.esss.se
¥ @brightnesseu



Figure 7: Facilities equipped with neutron imaging instruments. Total facilities encompass 54 in 37
countries. These are located at 4 spallation sources, 2 non-spallation accelerator-based sources, 1 at
a pulsed research reactor and 47 at research reactors [°].

7.4.1. Neutron scattering instrument suite at the European Spallation Source ERIC

The ESS is currently under construction in Lund, Sweden. When complete, it will provide a suite of 22
world-leading instruments for use by the neutron user community, shown in Figure 8, arranged around
a spallation neutron target and moderator assembly, fed by a 5 MW proton accelerator. The facility,
including all the instruments, is designed to offer world-leading performance, with new and unique
instrumental capabilities not currently available at existing facilities providing the means to maximise
scientific output and achieve breakthroughs across a broad spectrum of physical and biological
sciences. By reducing the length of time required to conduct experiments, the ESS will facilitate the
use of neutron scattering for example in time-dependent (i.e. “real-time”) and kinetic studies, to
analyse smaller samples and subsequently weaker signals, to a higher resolution in space and time,
and to studies under more extreme conditions. The ESS is thus expected to expand the functionality
of neutron-based experiments in strategic fields such as life sciences, engineering, nanoscience,
geology and materials science. All instruments were designed to make optimal use of inherent
strengths due to the unique design of the ESS neutron source namely a long-pulse, high flux, flexible
resolution and large bandwidth. This results in an order-of-magnitude gain in performance averaged
over the 15 instruments, compared to the best-in-class instruments currently operating. The
instruments are chosen to maximise the breadth and depth of the envisaged scientific impact.
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In particular the high source brightness can be used in a number of transformative areas:

Measuring very small amounts of sample, or to probe volumes/ areas of larger, non-uniform

samples.

Very fast measurements, giving access to kinetics on the tens of ms time scale
Performing parametric studies, covering large volumes of parameter space such as temperature,

flow conditions, magnetic field, pressure, etc.

Studying weak effects, i.e. small cross-section events requiring high counting statistics.
Polarised-neutron studies, allowing the separation of coherent, incoherent and magnetic

scattering, again at the expense of beam intensity.

Further details can be found in [’].
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Figure 8: ESS instrument suite. Highlighted and named instruments (e.g. ODIN) are those which are
currently in construction. The others are the remaining instruments from the Technical Design Report
reference suite, which serve as placeholders for instruments 16—-22. The main scientific communities
addressed by the instruments are indicated with the symbols shown ["].

6 K.H. Andersen, D.N Argyriou, A.J. Jackson, J. Houston, P.F. Henry, P.P. Deen, R. Toft-Petersen, P. Beran, M. Strobl, T. Arnold, H.
Wacklin-Knecht, N. Tsapatsaris, E. Oksanen, R. Woracek, W. Schweika, D. Mannix, A. Hiess, S. Kennedy, A. Schreyer, The
instrument suite of the European Spallation Source, Nuclear Instruments and Methods in Physics Research, A 957 (2020)
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7.4.2. Large-scale neutron research facilities in South Africa

7.4.2.1. Necsa

SAFARI-1 (South African Fundamental Atomic Research Installation) [®] is a tank-in-pool type research
reactor with a licensed operating thermal power of 20 MW. This national asset is located at Pelindaba,
30 km west of Pretoria, South Africa, and owned and operated by Necsa SOC Ltd. The reactor project
was initiated in 1960 and was commissioned in March 1965. SAFARI-1 has now been in routine
operation for more than 56 years and is a major producer of medical and industrial isotopes for both
domestic and international clients. It also provides neutron beam lines for scattering applications as a
User Access Facility. To fulfil this role it operates more than 300 days per annum. It is a very well
managed facility underpinned by rigorous maintenance management and an aging management plan
that ensures safe and reliable operation. It is expected to be in operation until 2030.

Beam line facilities at SAFARI-1 are equipped for the applications of neutron powder diffraction (PITSI
instrument [°]), as well as neutron strain scanning (MPISI instrument [*°]), with a neutron radiography
facility being upgraded (INDLOVU [*]).

7 W.J. Strydom, A.M. Venter, C.B. Franklyn and F.C. de Beer, The Role of Safari-1 in Industry and Academia, Physica Scripta T97
(2002) 45. DOI:10.1238/Physica.Topical.097a00045

8 A.M.Venter, P.R. van Heerden, D. Marais, J.C. Raaths, Z.N. Sentsho, PITSI: The neutron powder diffractometer for transition in
structure investigations at the SAFARI-1 research reactor, Physica B: Physics of Condensed Matter 551 (2018) 422-425.
http://dx.doi.org/10.1016/j.physb.2017.12.017

A.M. Venter, P.R. van Heerden, D. Marais, J.C. Raaths, MPISI: The neutron strain scanner materials probe for internal strain
investigations at the SAFARI-1 research reactor, Physica B: Physics of Condensed Matter 551 (2018) 417-421.
http://dx.doi.org/10.1016/j.physb.2017.12.011

10 Fc.de Beer, T. Modise, R. Nshimirimana, D. Marais, C. Raaths, P.R van Heerden, K. Eckard, E. Moraba, J. van Rooyen, G. Schalkwyk,

J. Hanekom, G. Nothnagel, Overview of the Conceptual Design of the Upgraded Neutron Radiography Facility (INDLOVU) at the
SAFARI-1  Research  Reactor in  South  Africa, Materials Research  Proceedings 15 (2020) 11-16.
http://dx.doi.org/10.21741/9781644900574-2
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The instrument characteristics of the diffraction instruments are summarised in Error! Reference

source not found..

Table 1: Characteristics of neutron diffraction instruments at SAFARI-1

Beam component

PITSI instrument

MPISI instrument

Monochromator

Horizontal and vertical

Hor. and ver. focus adjustable at
take-off angles (wavelengths):

Hor. focus adjustable; Ver. focus
fixed. Take-off angle 83.5° giving

Ver:1-50 mm

focused Take-off angle: 70° 90° wavelengths:
Si(331) 1.43A 1.76A Si(331) 1.67A
Si(551) 0.87A 1.07A Si(333) 1.49A
Si(011) 5.11A
Beam size Slit: Hor: 1 —20 mm Slit: Hor: 0.3 =5 mm

Ver: 0—-20 mm

Radial collimator to reduce

background

Radial collimators:
5,10 mm

FWHM 1, 2,

Sample stage

Huber integrated XYZ with capacity
250 kg and 250 mm travel for each

Huber integrated XYZ with 250 kg
and 250 mm travel for each axis;

axis % cradle with integrated phi

Theodolites + Neutron camera Telecentric camera, laser levels,
Sample setup

theodolites

Pseudo area detector: Denex 300 x 300 mm2 area

15 x Reuter Stokes tubes giving | detector

Detector active area 660 mm (hor) x 375 mm

(ver)

Two-theta range: 10° <20 £120° Two-theta range: 10° <20 £110°
Resolution Ad/d =3 x10-3 Ad/d =3 x10-3

Top-loader vacuum furnace:

400 K< T< 1800 K
Bottom-loader cryostat:

45K<T<320K
Top-loader cryostat:

1.5K<T<800K

All functionalities fully programmable
SICS (SINQ Instrument Control System)
Gumtree: drop down menus; Script files
NeXus, HDF5 encoded
ScanManipulator

Sample environments

Data acquisition

Data format

Data processing

7.4.2.2. iThemba LABS

iThemba Laboratories for Accelerator Based Sciences (iThemba LABS) is a national facility of the
National Research Foundation in South Africa. Activities at the facility are based around a number of
sub-atomic particle accelerators located at their Cape Town and Johannesburg campuses. The largest
of these, a K-200 separated sector cyclotron (SSC), accelerates protons to energies of 200 MeV, and

o BrightnESS? is funded by the European Union Framework
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heavier particles to much higher energies. Smaller accelerators include two injector cyclotrons, one
providing intense beams of light ions, and the other, beams of polarized light ions or heavy ions, and
a 6 MV Van de Graaff electrostatic accelerator. Accelerators at the Johannesburg campus include a 6
MV tandem Van de Graaff electrostatic accelerator and two low energy electrostatic accelerators for
ion implantation and other surface science studies.

iThemba LABS brings together scientists working in the physical, biological and material sciences. The
facilities provide opportunities for modern research, advanced education and the production of unique
radioisotopes ['?]. The focus is on providing research with radiation for scientific purposes through the
acceleration of charged particles using the SSC, the Van der Graaff Accelerator and other appropriate
technologies.

At iThemba LABS, there is a purpose-built facility for the production and use of high-energy neutron
fields. The SSC can generate secondary quasi-monoenergetic neutron beams (via (p,n) reaction) with
peak energies ranging from 30 MeV to about 200 MeV through the acceleration of protons in the
energy range of 25 MeV to 200 MeV. A beam pulse selector may be used to suppress a chosen fraction
of proton bunches to enlarge the time interval between pulses, which allows time of flight
measurements to be carried out. Typical currents for 100 MeV are about 5 mA in unselected mode
and 500 nA at the repetition rate of 2.5 MHz. For 200 MeV, a current of 300 nA can be delivered at a
frequency of 26 MHz. The spread in time of a proton bunch is about 1 ns. The 7Li (p, n) 7Be reaction is
typically employed to produce neutrons, although natural beryllium and carbon targets have also been
used from time to time. Neutron beams are formed by linear collimator apertures (5 cm x 5 cm) in the
2.6 m thick shielding wall that separates the neutron production area (Li target) from the experimental
area. The shielding wall consists of a 2 m thick inner layer containing approximately equal proportions
of iron and concrete and a 0.6 m thick outer (downstream) layer of borated wax or borated
polyethylene. Neutron beams are typically produced at angles of 0° and 16° to the proton beam,
although apertures at 4°, 8° and 12° are also available. The energy spectra of the neutron beams
generated by the p + Li reaction at neutron emission angles of 0° and 16° have two main components:
the firstis a high-energy (quasi-monoenergetic) peak of energy a few MeV less than that of the incident
protons; the second is a low-energy continuum extending from the high-energy peak towards lower
energies. The high-energy peak is prominent in the 0° spectrum but decreases rapidly in intensity with
increasing neutron emission angle. The spectrum and intensity of the low energy continuum is almost
independent of angle for angles up to 16°. Thus, subtracting a measured detector response produced
in the 16° beam (after appropriate normalization) from that measured at 0° yields an effective
measurement associated with a nearly monoenergetic neutron beam.

7.4.3. Future South African neutron research facilities
7.4.3.1. Multi-Purpose Reactor at Necsa

With the SAFARI-1 Research Reactor approaching the end of its useful operational lifetime, a project
is being overseen by the Department of Mineral Resources and Energy (DMRE) in consultation with
amongst others the Department of Science and Innovation (DSI) to replace it with a Multi-Purpose
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Reactor (MPR). The major application areas envisaged are neutron scattering in material and biological
research, isotope production and industrial applications. It will be a high flux facility equipped with a
thermal as well as a cold neutron source to provide neutrons of required energies to beam line
instruments respectively accommodated in the reactor beam hall, as well as into a neutron guide hall
using low loss super-mirror neutron guides. The neutron beam line centre (NBLC) will be a large-scale
facility available to users worldwide, equipped with state-of-the-art instrumentation to fully exploit
the neutron beams produced for niche applications. It is envisaged that the NBLC, as a national
laboratory, should remain the leading institution in neutron scattering science in the African continent
and contribute to the international landscape.

The MPR will be equipped with a suite of beam line instruments such as neutron powder diffraction
(respectively high-resolution and high intensity), engineering and material science, single crystal
diffraction and neutron imaging. These are the most relevant neutron beam techniques for materials
research, vibrational spectrometers for the study of lattice and magnetic dynamics, to the
investigations of large scale phenomena in structural and biological systems using reflectometry and
small-angle neutron scattering. By further exploiting the properties of neutrons, all the techniques can
be combined with polarization analyses, as well as extensive sample environments for in-situ
parametric studies under simulated operational and extreme conditions. As an example, the layout of
such as modern facility is given in Figure 9 which shows a conceptual image of the Australian Centre
for Neutron Scattering (ACNS) at ANSTO, Australia, with instruments in the reactor beam hall area, as
well as in the neutron guide hall.

Control room

Neutron scattering
instruments ©

Neutron guide hall =~ OPAL reactor

B Neutron guides

Figure 9: Conceptual view of the beam line instruments at the ACNS [*3].
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12 https://www.ansto.gov.au/our-facilities/australian-centre-for-neutron-scattering

7.4.3.2. iThemba LABS

The neutron beam facility at iThemba LABS has been used for fundamental physics research [**], cross
section measurements [*°], radiation biology experiments [**] and detector development and
calibrations [Y7], especially for dosimetry at flight altitudes and in space.

The facility was recently designated as the laboratory in South Africa for neutron metrology in the
energy range 30 — 200 MeV by the National Metrology Institute of South Africa, in line with the CIPM
MRA (International Committee for Weights and Measures Mutual Recognition Arrangement) and
AFRIMETS requirements. There are ongoing developments in partnership with the University of Cape
Town, PTB (Physikalisch-Technische Bundesanstalt in Germany), IRSN (Institut de Radioprotection et
de Slreté Nucléaire in France) and NPL (National Physical Laboratory in UK) to redesign the neutron
beam vault, improve the beam quality and fluence characterisation methods for future experiments
[*8]. The planned upgrade of the iThemba LABS neutron vault facility that ensures traceability of the
neutron fluence data in full compliance with metrology standards ['°] to the neutron science
community by 2023.

iThemba LABS actively participates in the European Radiation Dosimetry Group (EURADOS) Working
Group (WG) 11, ‘High Energy Reference Fields’. EURADOS coordinates research, development and
harmonization in the area of radiation dosimetry. iThemba LABS has provided EURADOS WG 11 with
a well-characterized quasi-monoenergetic neutron (QMN) source in the energy domain above 30 MeV

[20].

13 Domula et al., New Nuclear Structure and Decay Results in 76Ge-76As Systems, Nuclear Data Sheets 120 (2014) 44-47.

14 Ndlovu et al., Measurements of Cross Sections for High Energy Neutron Induced Reactions on Co and Bi, EPJ Web of
Conferences 239 (2020) 01025. https://doi.org/10.1051/epjconf/202023901025

15 Nolte et al., Relative Biological Efficiency of 192 MeV Neutron Radiation for the Induction of Chromosome Aberrations in Human
Lymphocytes of the Peripheral Blood, Proceedings of Science, FNDA (2006).

16 Buffler et al., Irradiations at the High-Energy Neutron Facility at iThemba LABS, EURADOS Report 2016-2 (2016).

17 Ndlovu et al., Upgrade of the fast neutron beam vault at iThemba LABS to a metrology facility, JACoW Publishing (2019). ISBN:
978-3-95450-205-9. https://doi.org/10.18429/JACoW-Cyclotrons2019-TUP012

8 Mosconi et al., Characterisation of the High-energy neutron beam at iThemba LABS, Radiation Measurements 45 (2010) 1342 —

1345.
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19 Trompier et al., A comparison of the response of PADC neutron dosemeters in high-energy neutron fields, Radiation Protection
Dosimetry 161 (1-4) (2014) 78 —81

This project forms part of Work Package 2 of the BrightnESS? (Bringing Together a Neutron Ecosystem
for Sustainable Science with ESS) project of the European Commission aimed at establishing a strategy
to deliver neutrons for Europe and beyond. A specific activity under Task 2.2 is to afford South Africa
the opportunity to determine “User Needs” from its neutron scattering community with suggested
ways to accommodate their present and future needs. This determination was done in the form of two
stakeholder consultation Workshops. Workshop 1 was organized in August 2019 at iThemba LABS Cape
Town as a closed meeting with a targeted audience of approximately 40 experienced and occasional
users of neutron techniques at laboratories such as ILL (France), PSI (Switzerland), MLZ (Germany), ISIS
(UK), NIST (USA) and OPAL (Australia). Participants were mostly within the fields of materials science,
magnetism and engineering. In addition, researchers that could potentially benefit from the use of
neutron techniques were also invited. A report on this workshop is provided in Appendix 1 First South
African BrightnESS2 Workshop

An outcome from this event was the identification of ten scientific Thrusts within which South African
research could immediately benefit, namely:
e Biological and life sciences

e (Catalyses

e Crystallography: Organic chemistry

e Crystallography: Inorganic chemistry

e Engineering applications

e Energy storage and conversion materials
e Geosciences

e Magnetism

o Nanomaterial

e Palaeontology and heritage sciences

For each of these Thrusts, prominent scientists and engineers were identified to coordinate the second
Workshop aimed at a much larger participation. This was scheduled for June 2020, but had to be
reconsidered due to the COVID-19 pandemic that curtailed travel and meetings. An alternative
modality for this Workshop was the hosting as ten separate specialised virtual mini-symposia on the
respective Thrusts with an example given in Figure 10. Participation was invited from existing contacts
from the meeting conveners, Thrust Coordinator, as well as communications with Deans of Research
at all universities. This modality further enabled participation by topical experts internationally. A
report on this workshop is provided in Appendix 2. Second South African-BrightnESS2 Workshop

. Each symposium allowed a discussion session on ideas and expectations regarding the future role of
neutron scattering and access/utilization of local and international facilities. These need to be seen in
context to facilities existing in South Africa (Necsa’s SAFARI-1 research reactor and iThemba LABS
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facilities) and internationally that includes the enormous potential that access to European facilities
and the ESS as flagship facility can offer. To ensure adequate utilisation and access, there was a need
to determine the extent South Africa should invest in ensuring access.

Participants (62)

3
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Figure 10: Screen shot of one of the online mini-symposia.

The aim of the workshops was to adequately inform participants on the value addition that neutron

scattering techniques can offer in expanding existing research techniques towards furthering their

research with the focus on determining:

e Compelling science questions and issues that can be addressed with neutron techniques;

e \What are the niche scientific areas that these could contribute to;

e What is the format of access we require to South African facilities at Necsa and iThemba LABS, as
well as abroad with the ESS;

e What capabilities do we need to develop as a country so that we can optimise the value addition
that neutron techniques can offer?

8.1. South African prominent investigators within neutron science community

Notwithstanding a small community, a well-experienced and knowledgeable cohort of South African
neutron users exists that use local as well as international facilities on a regular basis. Access to such
facilities is possible through User Programs. Within this mechanism, user submitted proposals are
adjudicated (peer reviewed) for scientific impact by the facility Advisory Committees. Successful
proposals are granted use of specialised equipment and expert personnel support to ensure maximal
success with the research aims. Typically, synchrotron facilities are accessed on the same way. As part
of a formal agreement with the South African synchrotron users, travel and subsistence are supported
financially by the KIC (Knowledge Interchange & Collaboration) program of the NRF [?].
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2L https://www.nrf.ac.za/division/funding/knowledge-interchange-collaboration-kic

Table 2:Users of neutron facilities internationally based on personal initiatives, i.e. peer reviewed project

proposal submissions

Researcher Institution Speciality Facilities used

Prof André Strydom uJ Magnetism ILL, ISIS, PSI,

Prof Alet Prinsloo uJ Magnetism SAFARI-1, ANSTO

Prof Charles Sheppard uJ Magnetism SAFARI-1, ANSTO

Prof Andrew Venter Necsa Magnetism; SAFARI-1, ANSTO,
Engineering; Energy | FRM 1l, ISIS, PSI,
storage and | Hanaro, HZB, LANL,
conversion materials; | JINR
Standardisation

Dr Esna du Plessis SASOL Crystallography SAFARI-1, ILL

Prof Danie Hattingh NMU Engineering ILL, ISIS

Prof Natasha Sacks us Engineering SAFARI-1; ANSTO

Dr Mark Newby Eskom Engineering ILL, ISIS, SAFARI-1

Dr Daniel Glaser NLC Engineering SAFARI-1, ISIS

Dr Deon Marais Necsa Engineering SAFARI-1, ISIS; JINR

Mr Robert Nshimirimana Necsa Engineering ISIS, PSI, Hanaro,

Maria

Prof Trevor Sewell UCT Biology NIST

Dr Gavin Owen Wits Biology ILL

Prof Maria | Wits Biology ILL

Papathanasopoulos

Dr Frikkie de Beer Necsa Energy storage and | NIST
conversion materials

Prof Andy Buffler uUct Fundamental and | iThemba LABS, PTB,
applied nuclear | IRSN
science

Dr Tanya Hutton uUct Fundamental and | iThemba LABS, PTB,
applied nuclear | IRSN
science

Dr Zina Ndabeni UCT-iThemba Fundamental and | iThemba LABS, JINR

LABS applied nuclear

science

Dr Peane Maleka iThemba LABS Fundamental and | iThemba LABS, JINR
applied nuclear
science
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Table 3: Users of South African neutron facilities in collaboration with instrument scientists. This is in addition to
the previous table

Researcher Institution Speciality Facilities used

Prof Ernst Ferg NMU Crystallography; SAFARI-1
Energy systems

Prof Dave Billing Wits Crystallography; SAFARI-1
Energy systems

Prof Joao Paulo Nobre Wits Engineering SAFARI-1

Prof Pieter Pistorius up Engineering; Phase | SAFARI-1
transitions

Prof Roelf Mostert up Engineering; Phase | SAFARI-1
transitions

Prof Waldo Stumph up Engineering; Phase | SAFARI-1
transitions

Prof GT van Rooyen up Engineering SAFARI-1

Prof Thorsten Becker us Engineering SAFARI-1

Prof Robert Knutzen UCT Engineering SAFARI-1

Prof Claudia Polese Wits Engineering SAFARI-1

Prof Kenneth Ozoemena Wits Energy systems and | SAFARI-1
conversion materials

Dr. Mark Herbert uwc Fundamental and | iThemba LABS
applied nuclear science

Dr. Charlot Vandevoorde iThemba LABS Radiation Biology iThemba LABS

8.2.SWOT analysis of South African neutron science

Strengths

e Excellent beam line infrastructure exists at flagship facilities internationally.

e A firm base of experienced neutron science with established national and international networks
exits in the South African research community.

e SAFARI-1 as a well-managed national asset that operates more than 300 days per year.

e Two world-class neutron diffraction instruments exist at SAFARI-1, equipped with in-situ
temperature sample environments covering 1.5 K < T < 1800 K. These are optimised for the
applications neutron powder diffraction and neutron strain scanning.

e iThemba LABS is one of the four facilities in the world that can provide quasi-monoenergetic
neutron beams in the energy range 30 MeV to 200 MeV, with the other three in Japan [?2]. With
the ongoing upgrade to a metrology facility, this will be one of the prime neutron facilities in this
energy domain.
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22 Pomp et al., High-energy quasi-monoenergetic neutron fields: existing facilities and future needs, Radiation Protection Dosimetry
161 (1-4) (2014) 62 - 66.

Weaknesses

Limited funding. Travel funding by the NRF is not linked to the approval of beam time proposals;
Not all neutron scattering techniques can be performed at the existing local facilities. No facilities
existing at SAFARI-1 for inelastic scattering techniques, or sample preparation that entails
deuteration.

Very small staff complement exists at Necsa to support beam line research. This needs to be
substantially expanded to achieve the aims envisaged with the MPR.

Opportunities

Keen interest is expressed by inexperienced neutron users from the catalysis, nanosciences,
chemical crystallography, as well as structural biology and lifesciences communities to expand their
suite of research techniques with the incorporation of neutron techniques.

Access to international facilities within their User Access Programs based on peer reviewed
projects.

Benefits of research and training opportunities inherent to an association agreement with the ESS;
Increase the international reputation of South African STEM disciplines.

Establish a South African regional Centre of Excellence in neutron sciences to the scientific benefit
of sub-Saharan Africa.

Exploitation of South African niche advantages, such as palaeontology and heritage studies
(Paleoanthropological “Cradle of Humankind “UNESCO World Heritage site with its unique fossil
repositories on pre-human life forms), local and tropical diseases, the rich local geological
environment, the mineral and mining environment, manufacturing and beneficiation environment.
Exploiting existing pockets of expertise in fields such as extreme temperatures, magnetism, energy
systems and conversion materials, nanotechnology.

Strengthening internationally competitive national facilities at iThemba LABS and Necsa (SAFARI-1)
with respect to sample environments, as well as commissioning of modernized neutron
radiography facility at SAFARI-1, etc.

MPR project equipped with an extensive suite of neutron beam line techniques.

Formal training opportunities in neutron sciences at tertiary institutions with incorporation of site
visits and hand-on practical’s at the facilities of iThemba LABS and SAFARI-1.

Threats

Remaining operational lifetime of SAFARI-1.

MPR not maturing to fruition.

Large portion of STEM community not aware of the benefits of neutron sciences and techniques
towards advancing their research.
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8.3.Compelling science activities and niches that can be addressed with neutron techniques

The following research topics of interests have been identified from consultations with the Thrust
Coordinators and their liaisons with existing and potential user communities:

Chemical crystallography:

This is a flourishing discipline in South Africa, with active research groups at the Cape Peninsula
University of Technology (CPUT), Nelson Mandela University (NMU), Rhodes University (RU),
Stellenbosch University (SU), University of Cape Town (UCT), University of Fort Hare (UFH), University
of the Free State (UFS), University of Johannesburg (UJ), University of Kwa-Zulu Natal (UKZN),
University of Pretoria (UP) and University of the Witwatersrand (Wits), as well as within the research
division of SASOL. These research groups all produce high-quality publications in international peer-
reviewed journalsin the field. The following aspects are being studied within the South African context:
e Pharmaceutical applications:

o Drug development (NMU, SU, UCT, UFH, UFS, UKZN, Wits);

o Analysis of polymorphism, cocrystallisation and salt formation of active pharmaceutical
ingredients with coformers that are "generally regarded as safe" in order to achieve better
solubility and bioavailability (CPUT, RU, SU, UCT, Wits);

o Investigation of drug-substrate interactions (UCT, UFS, Wits).

e Materials chemistry, with the following applications:

o Development of new metal-organic and molecular frameworks for sorption, sequestration and
sensing of a variety of guests, such as CO,, water and organic solvents (NMU, SU, UCT);
Development of new magnetic materials (UP, SU);

Development of new compounds that are active in a wide range of catalytic reactions (SASOL,
NMU, SU, UFS, UJ, Wits);

o Development of new photoactive compounds (NMU, SU, UCT, Wits);

e (Crystal engineering, to obtain a fundamental understanding of the role of intermolecular
interactions in the formation of crystals (CPUT, SU, UCT, UKZN, Wits).

Catalysis:
In-elastic neutron vibrational spectroscopy has particular advantages over optical spectroscopy in the

study of catalysis due to:

e Neutron penetrability;

e Sensitivity to hydrogen (deuterium);

e No energy deposition in samples;

o No selection rules;

e Simplicity of interaction (neutron — nucleus) enables quantitative calculations;

e More accurate determination of atomic positions and thermal parameters.

Typical studies encompass initial growth mechanisms of meso-structured silica-surfactant particles;
Thermal conductivity in semiconducting materials such as clathrates (thermoelectric materials);
Hydrogenation (heterogeneous catalyst) reactions; Water-spitting phot-catalysis; Diffusion of ionic
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liquids in nano-pores in supercapacitors; Metal hydrides — green energy; Solid oxide fuel cells with
tunable conductivity.
Applications generally utilise elastic (powder diffraction and total scattering) and neutron in-elastic
techniques in collaboration with in-situ (real time) studies to determine mechanisms of catalytic
reactions. In many cases it may be essential to perform deuterium substitution to improve the
“hydrogen” visibility.

Energy storage and conversion systems:

Neutron techniques are well-suited to render unique structural insights in the study of battery

materials, as well as energy conversions systems such as hydrogen fuel cells. This is possible due to:

Finding light atoms (such as H, D, Li); Distinguishing similar elements (Ni, Mn, Co, V); Enables complex

in-situ experimental setups (ex-situ, in-situ, in-operando — real time). Amongst others the following

are typical research topics:

e Studies of oxygen vacancy concentrations and co-defects for doped oxide systems. looking at the
influence of different dopants.

e Electrochemical delithiation;

e Phase ordering (occupancy);

e Electrochemical in-situ neutron experiments to study the potential dependent hydrogen
absorption concentrations or difference between absorption and adsorption in an oxide system.
The same for oxygen vacancy or co-defect concentration/stability.

Geosciences:

Neutron techniques can render information on the phase composition, crystallographic texture,

magnetic phenomena, residual stress, inclusions, phase contents (visualisation) in borehole essaying

samples, etc. of geological formations.

e Metamorphic rocks (high temperature — high pressure transformations, recrystallization) such as
quartzites and marble (Calcite vs dolomite);

e Sedimentary phyllosilicates such as clays, shales, slates, mica, chlorite;

e Precipitates such as calcite changes in stalagmites and carbonate concretions;

e Residual stresses in marble (natural conditions, as well as in-situ compression loading combined
with temperature);

e Sedimentology: Iron formation in chemical sedimentary rock (banded vs granular iron formation);

e Characterisation of base metal sulphide and platinum group mineralization in the Merensky Reef;

e Carbonados;

e Meteorites.

Lifesciences and structural biology:

Lifescience research faces many challenges in the study of biological processes that occur from the
atomic and molecular size to the cellular scale. Neutrons are powerful probes for the study of biological
samples as they are very sensitive to the presence of hydrogen. Using the unique properties of
neutron-based scattering methods, researchers can study biological systems on a range of time and
size scales, providing unique insight into a broad range of topics: from agriculture, medical devices,
biofuels, to societal health challenges (e.g. cancer, diabetes, dementia, HIV). Neutron techniques
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enable atomic resolution macromolecular crystal structures, solution studies of biological complexes,
structure and dynamics of biomembranes.

A desirable characteristic of neutrons for biology has to do with hydrogen, which us the most abundant
element in biological systems. Photons and electrons interrelate with the atomic electric field with one
electron hydrogen is at the limit of visibility to X-rays while neutrons can interact with nuclei, protons
have a strong and negative scattering length. The isotope (deuterium) has a stringer scattering length
which is positive. This different sensitivity of neutrons to hydrogen and deuterium allows for improved
visibility of specific parts of complex biological systems through isotope substitution.

Isotopes of the same element to have different scattering lengths for neutrons therefore allowing the
technique of isotope substitution to be used to yield structural details, in biological molecular
structures the common isotopic substitution is 2H for 1H. Neutron profit from the fact that the
scattering length densities are not directly connected to electron densities. Neutron scattering provide
the possibility of contrast variation with D,0/H, 0 mixtures this therefore allows to select specific
components in the structure

The HIV Pathogenesis Research Unit (HPRU) at Wits University has focused on the development of an
effective prophylactic HIV vaccine which utilizes a novel immunogen called Env-2dCD4_S60C that
consists of a human two domain CD4 with an S60C mutation covalently bound to gp120 monomers or
cleaved, soluble gp140-GCN4 trimers (Env). In several independent rabbit immunogenicity studies
conducted in our laboratory, Env-2dCD4_S60C elicited potent broadly NAb against HIV-1 Tiers 1, 2, 3,
HIV-2 and SIV pseudoviruses. This observation strongly indicates that Env-2dCD4_S60C complexes
could provide similar effects in humans and should be considered as a viable candidate for an effective
preventative and/or therapeutic vaccine against HIV-1. Prior to initiating further preclinical
development of Env-2dCD4_S60C subunit vaccine immunogens in rhesus macaques, it would be
critical to define and fine map the Env-2dCD4_S60C complex epitope structures which correlate to the
potent viral neutralization. We will thus gain insights into the underlying mechanisms of the antiviral
activity that will guide strategies for optimizing CD4-based immunogens that will likely provide
protection from infection. Due to the difficulties experienced with higher resolution X-ray
crystallography studies of Env and CD4, Small Angle Neutron Scattering (SANS) studies will assist with
starting to biophysically characterise the gross structure and dynamics of the Env-2dCD4_S60C
complex, as well as its individual constituent proteins, Env and CD4. Similar research projects have
been performed collaboratively at the ILL (France) in conjunction with their deuterium facility.

Magnetism:
The study of magnetism in solids is traditionally one of the most intensively applied scientific areas

that use neutrons as a microscopic probe. Magnetic properties of matter, magnetic excitations, short-

range and long-range magnetic order as well as temporal magnetic correlations are very profitably

surveyed using neutron scattering, -and in many instances with no parallel in any other method of

investigation. Currently, examples of areas attracting much interest in magnetism communities are:

e Spin-orbit coupling in strongly correlated electron materials and the disentanglement of spin- and
orbital degrees of freedom in local-magnetic moment spin systems.

e Unconventional quantum criticality and the accumulation of configurational entropy at very low
temperature.
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e Ground states of magnetic and geometric frustrated spin systems, -among these the highly
anticipated but enigmatic quantum spin liquid state.

e Low-lying magnetic ordering phenomena, the discovery of exotic magnetic quasiparticles, and new
states of matter.

e Symmetry and topology in magnetism - including among other subjects the anomalous Hall effect,
the spin Hall effect, and skyrmion lattices

Neutrons for engineers:

The essential question to answer; should the South African engineering user community focus on
access to international facilities or should we rather strengthen the local capabilities and
infrastructure. The importance of neutron scattering in a modern economy is way beyond being a
useful research technique as there is enough tangible evidence of engineers using neutron scattering
techniques in addressing global challenges facing society as well as the potential to assist with
technological advancement that have immediate and long-term economic impact. It is essential that
both local and existing international collaborations be maintained.

Engineering and more applied research are built on a foundation of fundamental investigations and
techniques developed over the last 30 years, so it is crucial to continue such basic work to underpin
the theories and technologies of tomorrow. Neutron experiments provide definitive data for the
manufacturing industry, which has informed light weighing, lean design and process optimisation,
resulting in reduced energy needs. Materials testing data have given aerospace companies confidence
in new alloy compositions and manufacturing techniques.

Neutron facilities have unique requirements for advanced components and equipment, if you invest

in the local facility, it could be used to challenge local suppliers to innovate and develop new

technologies. Partnerships with large research centres can support small businesses by giving them

the security and confidence to embrace new areas of activity. SA businesses have benefited from work

done at neutron-scattering centres through technology development and knowledge transfer.

Important to note that “Big Science” serves engineering, materials science, life science, information

science, and the overarching aim of promoting innovation for economic growth. From publication

available it is clear that neutron facilities support experimental work performed by engineers. Latest

addition to the neutron landscape will be the European Spallation Source ERIC (ESS) in Sweden, most

powerful neutron source in the world. The context of current SA challenges and opportunities are:

e Residual strain experiments applicable in both research and industrial applications.

e Studies of phase transformations in materials, using in-situ heating and cooling facilities.

e Societal benefits accruing from continued development of Safaril and neutron facilities for
engineers

e Economic benefits

e |International standing and hence collaboration benefits

e Technological, industrial and research training benefits

e Benefits accruing from taking a holistic view of top rank SA imaging and materials characterisation
facilities providing a national vision and runs experimental access to academia and industry.
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Neutrons for palaeoanthropology and cultural heritage:

The scientifically rich repositories of fossils existing at many sites in South Africa and the greater
continent, are indispensable in unravelling pre-historic lifeforms as well as human evolution. The
contributions neutron techniques in conjunction with synchrotron techniques can offer in these quests
have are well known and well documented in leading scientific journals.

8.4.Training in neutron sciences and applications

Notwithstanding no formal hands-on training programs existing that incorporate the SAFARI-1
facilities, at stages, honours level students do participate (on ad-hoc outreach initiatives) with some
hands-on practical at the SAFARI-1 neutron diffraction facilities. Post-graduate students from many
universities are though routinely supported on individual cases with their research investigations. The
following training courses linked to Necsa and iThemba LABS are presented in South Africa:

e Necsa personnel present annual courses at honours and masters levels on neutron diffraction and
imaging techniques to students of the CARST (Centre for Applied Radiation Science and
Technology) centre of NWU.

e iThemba LABS personnel present training courses at postgraduate level to students at various
universities around country via the SAINTS (Southern Africa Institute for Nuclear Technology and
Sciences) initiative, and partner universities at other African countries (BIUST (Botswana);
University of Dar Es Salaam (Tanzania), etc.).

A recent South African initiative has been the ANSDAC (African Neutron and Synchrotron Data Analysis

Competency) Workshops run during 2018 and 2019 by UCT (Nico Fischer) within the SA-UK (ISIS

Neutron and Muon Source; Diamond Light Source; University of Glasgow) initiative. This training is

lecture based. An essential expansion of such programs, needs to include hands-on familiarisation of

the facilities at SAFARI-1 and iThemba LABS.

Some annual training courses run in European countries:

e Hercules (Higher European Research Course for Users of Large Experimental Systems). This 11-
month school, established in 1991, provides training for students, postdoctoral and senior scientists
from European and non-European universities and laboratories, in the field of Neutrons and
Synchrotron Radiation for condensed matter studies (Biology, Chemistry, Physics, Materials
Science, Geosciences, Industrial applications). It includes lectures, practicals, tutorials, and visits of
Large Facilities: ALBA in Barcelona, KIT in Karlsruhe, DESY and European XFELin Hambourg, ELETTRA
and FERMI in Trieste, ESRF and ILL in Grenoble, SOLEIL in Paris-Saclay, and PSl in Villigen [%3].

e Oxford School on Neutron Scattering [**]. This two week course is intended for scientists and
engineers who are new to the field of neutron scattering. Lectures and tutorials covering the theory
and practice of neutron diffraction and spectroscopy are given by international experts. Students
gain a comprehensive grounding in modern techniques and applications at both continuous and
pulsed neutron sources and have the opportunity to hear about the latest research being carried

23 https://nmi3.eu/about-nmi3/education/neutron-schools/hercules.html; hercules@hercules-school.eu

2 https://www.oxfordneutronschool.org/
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out with the technique. The first week of the school introduces students to the core concepts of
neutron scattering, neutron sources and instrumentation, neutron diffraction and spectroscopy.
The second week splits tuition into three focused science areas, physics, chemistry and soft/bio,
and provides lectures on neutron techniques and concepts which are most relevant to each area.
Each lecture will be accompanied by a tutorial session. The students will also have the opportunity
to visit the ISIS Pulsed Neutron and Muon Facility in Didcot, and to attend a number of evening
lectures from prestigious names from the neutron community.

Biannual Summer School on Neutron Detectors and Related Applications hosted by University of
Trento, Italy. The aim of the school is to illustrate principles, methodologies and most recent
applications of neutron detection technologies. In particular, the school tackle various arguments
that span from neutron-matter interaction principles suitable to neutron detection, materials for
neutron detectors, signal processing, Monte Carlo simulation codes to interdisciplinary applications
of neutrons.

9.1.0bjectives

The main goal of the SA-BrightnESS? Workshops was to increase the knowledge, visibility and

opportunities of neutrons to the South African academic and industrial communities, and also promote

innovative multidisciplinary research that incorporate neutron techniques. The objectives, identified

and set as outcomes of the mini-symposia are discussed.

Short-term objectives (0 — 3 years):

Develop and expand the neutron science user community:

o Engage with the government departments DSI and DMRE to establish dedicated endorsed
neutron scattering programmes with universities. This will encapsulate the establishment of
formal training course and research projects for students at a Hons, MSc and PhD levels, and
establishment of nCap lecturer positions.

o Link to existing initiatives such as ANSDAC (African Neutron and Synchrotron Data Analysis
Competency) and SAINTS (Southern African Institute for Nuclear Technology & Sciences) to
encourage hands-on training at Necsa and iThemba LABS facilities.

o Continue involvements with the CARST (Centre for Applied Radiation, Science and Technology,
NWU), and MANus/MatSci (UWC and UNIZULU) programs.

o Arrange annual neutron scattering schools and conferences with involvement of invited
international experts (form institutions such as ANSTO, ESS, Hanaro, ISIS, JINR, MLZ, NIST, etc.)

o Placement of post-graduate students at leading international neutron centres, such as the ESS
for direct skills and experience creation. It becomes essential that career prospects are
established to entrench sustainability and knowledge hubs.

o Establish a viable management structure for the neutron science community.
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Encourage and commit to neutron science studies nationally and internationally:

o Engage with the DSI to contribute to the development and expansion of national equipment and
infrastructure that are necessary to support complementary and preparatory work, to
contribute to the formulation of successful proposals and the training of students.

o Continue financial mobility support (NRF — KIC) and streamline the process to enable
researchers’ beamline access at international neutron science centres, to complement
techniques not existing in South Africa.

o Enterintoaformalrelationship with the ESS to ensure essential access of South African scientists
to techniques and infrastructure not available in South Africa.

Promote human capacity development:

o Encourage and train larger numbers of students in fundamental as well as applied neutron
sciences. Important aspects are sample preparation and data analysis software.

o Encourage HEIl's to include neutron science modules on beam line techniques at honours level
curriculum.

o Involve expertise from Necsa and iThemba LABS.

o Include hands-on familiarisation at these facilities.

Give support to the MPR project:

o Solicit stakeholder inputs with respect to the optimal instrument suite required for the MPR.

o Conduct a design study, including costs, for beam line instruments at the MPR. It may be
important to involve other African countries and the International Atomic Energy Agency.

o Preserve the existing relevant engineering technical expertise.

Mid-term objectives (3 — 5 years):

The establishment of University Chair(s) in Neutron Scattering with associate funding for
scholarships towards such projects (an NRF call for neutron science projects). Imperative to
engagement with industry.

As a DSI endorsed activity, coordinate with SACI (South African Chemical Institute), SAIP (South
African_Institute of Physics) and CATSA (Catalysis Society of South Africa), as well as Heads of
Departments of Chemistry, Engineering, Geology, Lifesciences, Mineralogy, Physics, etc. to
establish nGAP lecturer positions.

Coordinate with DSI, NRF, specialist institutes (SACI, CATSA, SAIP), University Deans of Research
and Heads of Departments towards establishment of joint chairs in neutron sciences with European
universities (such as Technical University of Munich, University of Lund, Oxford University) that
have direct links to neutron scattering institutes.

Continue submitting proposals to the DSI/NRF for direct government investment in neutron
science.

Expand the neutron science community and its utilisation of neutron science techniques nationally
and internationally, including the ESS.

Continue growing the analytical infrastructure required for state-of-the-art neutron sciences.
Engineering design of the beam line instruments at the MPR.
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Long-term objectives (5 — 10 years):

e Continue expansion of the neutron science community and its utilisation of neutron science
techniques nationally and internationally, including the ESS.

e Building and commission the beam line instruments at the MPR.

e Existence of a number of active academic chairs in South African University Departments where
eligible students are trained in the use of neutron science techniques as the primary
instrumentation for their research.

e Existence of international linkages with universities such as Technical University of Munich
(Germany), University of Lund (Sweden), University of Oxford (United Kingdom), etc. that are
closely associated with research reactor centres.

e Encourage the government to invest in expanding the staff complement at the national facilities to
drive the growth of a topflight South African neutron science community.

9.2.Projected evolution of science portfolio

Originally developed for use in basic research in physics and in chemistry, neutron scattering has since
found new uses within a wide range of fields, ranging from more traditional disciplines such as biology
and geology, materials science, engineering science, and environmental science, to a number of
emerging, high-growth research areas such as nanoscience, life sciences, polymer science, and soft
condensed matter physics and biology.

It is generally recognized that neutrons have special properties that enable neutron scattering to
provide unique information not attainable by use of other probing techniques such that neutron
scattering should be seen as a necessary complement to other techniques.

Internationally competitive scientific research is being performed in South Africa in all of the identified
Thrust areas. There is an opportunity to have these extensive expanded on with the incorporation /
accessibility of neutron scattering techniques. With the involvement of post-graduate students,
develop and vest expertise that can be utilised to build the research capabilities and communities at
SAFARI-1 and MPR.

The establishment of a (South) African Neutron (Scattering) Association should be pursued, with
membership of the European Neutron Scattering Association (ENSA) pursued as an initiating vehicle.
A known chapter that has benefitted from such an association is the South African Crystallographic
Society within the European Crystallographic Association. Amongst others the benefits have been the
hosting of the ECM-21 (European Crystallographic Meeting) in South Africa in 2003, as well as expert
inputs and participation with the recent ECS-5 (5™ European Crystallographic School) at Stellenbosch
University in 2018. Presently the establishment of the AfCA (African Crystallographic Association) is
being pursued as a separate chapter from the IUCr (International Union of Crystallography) to be
representative of the African continent.
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9.3.Benefits and financial implications for science & technology in South Africa

In support of the government’s Vision 2030, this initiative provides an opportunity to support research
for human resource development and the provision of core national neutron source facilities in order
to create knowledge, thereby positioning local research and innovation to contribute to growth.
Increased access to local facilities will boost training and development, thus opening up opportunities
for competitive and beneficial science to be undertaken at large global research infrastructures like
the ESS. The fundamental scientific knowledge acquired and the technology transfer through this
participation will benefit society and play a key role in addressing many aspects of our challenges
towards:

e National System of Innovation

e Knowledge-based economy

e High level of research / materials beneficiation / product development

e Employment of experts at MPR

e Industrial research that can have financial impact

Universities and research institutes are important driving forces underlying technological and
industrial development. There is a fundamental relationship between research and higher education
on the one hand and the international competitiveness of the economy on the other, although the
essence of a knowledge-based economy is exploitation rather than simply adding to the knowledge
base. Like all major research fields with a medium- and long-term application potential, neutron
science contributes to innovation through interactive learning involving an innovation system or
innovation clusters with many different players.

The content of this report highlights the potential benefits that can be derived from this field for
stimulating a National Innovation system. It is well known that a functioning innovation system is an
integral part of a country's strategic advancement/development. This report highlights the need in
South Africa to competently build an innovative and technological business policy, taking a more long-
term perspective, to create necessary conditions for the development of science and technology.

In addition, it is necessary to stimulate market mechanisms for independent financing of universities
and research institutes, as well as to develop the practice of private initiatives and investment in the
development of innovative activity.

The workshops highlighted the continuing studies on industrial components using neutron diffraction
techniques, particularly in residual stress and materials characterisation. Previous neutron diffraction
experiments on high integrity industrial components have resulted in very significant cost benefits to
the South African power generation industry. An example of this is discussed.

Eskom’s Research business unit partnered with Nelson Mandela University to develop the novel
WeldCore® technique. A specially designed machine enables a coring tool to machine out a sample of
7mm diameter and approximately 25mm length from a thick walled component. The hole is repaired
by the same machine using a Friction Hydro Pillar Processing weld. This process has been used to
evaluate the rotor discs of eight high pressure turbine rotors which would otherwise have required
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immediate replacement at a cost of R100 million per unit. Validation of the technique involved detailed
metallurgical assessment during weld process parameter development and through thickness residual
strain analysis by neutron diffraction at the Institut Laue Langevin in France (experiment 1-01-58).

The NMU and Eskom research team won the 2011 National Science and Technology Forum Awards
category for “Research leading to an innovation by a team” as well as the SA Premier Business awards
2014. This technique has been successfully implemented in three other outages on main steam pipe
components, with savings of up to R50 million per group of components. The WeldCore® technique
has been patented, and can be used on high integrity components across the power and petrochemical
industry to reduce downtime, extend lifetime of equipment and reduce the risk of catastrophic
failures.

South Africa has a small, but vibrant, multi-disciplinary neutron science community that performs high-
level research utilising neutron techniques both at the National facilities, SAFARI-1 and iThemba LABS,
as well as at leading international facilities. Experienced South African neutron users have established
collaborations with prominent practitioners and facility personnel (instrument scientists). Many
inexperienced neutron users have expressed interest in the benefits and value addition neutron
techniques could add to their research. Similarly to the international situation, there is a general lack
of acquaintance (sensitivity) with what the techniques can offer, as they have traditionally been seen
as the province of purely fundamental research, largely for condensed matter physics.

Encourage and build an African collaborative agenda with countries that have research reactor
installations through the programs of the International Atomic Energy Agency (IAEA) and specifically
their AFRA (African Regional Cooperative Agreement) for Research, Development and Training Related
to Nuclear Science and Technology program. Linkages already exist with Algeria and Morocco. iThemba
LABS through AFRA has applied to host the Regional Designated Centres (RDCs) in Nuclear
Instrumentation. Training at iThemba LABS is co-ordinated by the Southern African Institute for
Nuclear Technology and Sciences (SAINTS) that accommodates post-graduate students (from Masters
to Doctoral levels) registered with various universities across South Africa and partner universities in
other African countries (Algeria, Botswana, Eswatini, Lesotho, Tanzania, Nigeria, Morocco, Cameroon,
etc.) Other initiatives can be further explored by revisiting inter-governmental bi-lateral agreements.

Appropriate levels of funding will be required from the DSI to invest in the development of local
facilities, as well as enable inherent growth in the South African neutron science community, both in
size and stature, to the social and scientific benefit of South Africa, as well as all of Africa and the world
community. It is important that mechanisms be created to ensure long term sustainability and career
prospects to accommodate students trained in neutron beam line techniques to the benefit of the
MPR and its facilities.

Flagship international centres are extremely well resourced having on offer instruments that cover the
full spectrum of neutron scattering applications, benefitting diverse disciplines that include physics,
chemistry, mineralogy, biosciences, material sciences, agricultural sciences, medical sciences,
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palaeontology, heritage sciences, engineering, product manufacture and beneficiation, etc., to the
extent that beam line access is generally more than 200% oversubscribed.

Based on consultation with the South African research community with the Stakeholder Workshops

the following is recommended:

e Training the next generation of neutron scientists should be a strategic necessity. Strongly motivate
for the incorporation of neutron scattering techniques in university course work as part of
education and training, as well as promoting the capabilities of the techniques to various science
and engineering fields.

e Build on existing national capacity towards full exploitation of the capabilities and potential of the
facilities at SAFARI-1 as a bridge to modern international flagship facilities. Invest in expanding the
neutron beam laboratories as a national user facility. When fully exploited, it could accommodate
a large percentage of the South African requirements, to enable easy access and run of the mill
facilities.

e Government to provide a dedicated channel to facilitate financial assistance with the maintenance
of unique and highly specialised equipment at the SAFARI-1 facilities.

e Government to financially support expansion of the experimental capabilities existing at the
SAFARI-1 facilities, such as in-situ reaction studies.

e Replacement of SAFARI-1 with a well-equipped MPR needs to be seriously considered and pursued
to ensure sustainability in neutron beam research to meet future user needs and grow the user
base.

e (Capitalization to expand the experimental capabilities such as in-situ reaction studies at SAFARI-1
that can be directly transferred to the MPR. An MPR replacement would be required in the future
to meet user needs and grow the user base.

e Retain and strengthen NRF (KIC) financial support for continued access to high-brightness neutron
sources internationally, such as ESS (future), ILL, ISIS, MLZ, NIST, PSI, etc. to complement and
expand the techniques that do not exists in South Africa such as access to modern facilities
equipped with in-elastic neutron capabilities, small-angle neutron scattering facilities and
reflectometry.

e The South African government to explore the formation of an official partnership with the ESS to
ensure that the South African training, research interests and capabilities (such as access to
deuteration facilities) can be expanded and stimulated.

The main challenges are: (i) to implement a suite of state-of-the-art neutron scattering instruments at
SAFARI-1; (ii) to build a solid neutron scattering user community; (iii) to train the human resources
necessary for defining, implementing, operating and using the instruments. This poses a challenge to
alaboratory aiming to become the leading institution in neutron science in Africa. A five-year outreach
program needs to be implemented with the launching of the project, to target different audiences
(national, regional, international and in-house scientists and technologists, decision makers, industry,
general public) and through different channels (mailing lists, websites, brochures, topical meetings and
workshops, presentations at national and international conferences, etc.).
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The seminal role played by Dr Daniel Adams (DSI) to have South Africa included as an active participant
within the BrighnESS2 project. Funding provided from the BrightnESS? project to facilitate the South
African activities. All expert inputs received from ESS personnel under the leadership of Prof Dr
Andreas Schreyer, as well as other international participants with the mini-symposia. iThemba LABS
and Necsa personnel that did the ground work and facilitated the interactions. Authors of this
document, i.e. Prof Andrew Venter and Mr Robert Nshimirimana from Necsa, and Dr Peane Maleka
from iThemba LABS.
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First South African Workshop on Capacity Building: Neutron Research in Collaboration with
BrightnESS? partners

Date: 13 - 14 August 2019
Venue: NRF-iThemba LABS Auditorium, Cape Town, South Africa

Chairpersons: Dr. Peane Maleka (NRF-iThemba LABS) and Prof. Andrew Venter (Necsa)

Overview

The First South African Workshop on Capacity Building: Neutron Research was held at iThemba LABS,
Cape Town on 13-14 August 2019. The workshop brought South African research scientists, engineers
and technologists together with their counterparts from ESS. The meeting was hosted by the South
African consortium (iThemba LABS and Necsa) led by the country’s Department of Science and
Innovation (DSI) and the National Research Foundation (NRF), included 14 participating universities,
institutions and industrial partners.

The main focus for the workshop was an exchange of ideas on collaboration opportunities presented
by the two national facilities, iThemba LABS and Necsa, in connection with the construction of ESS.
Additionally, the workshop served to supplement the neutron-based research and innovations at
iThemba LABS and Necsa, and explored the need for South Africans to consider an expansion in these
fields. Given the focus areas at the South African facilities, there is always a need for the researchers
to have access to global neutron sources that can provide complementary research opportunities.

The anticipated outcomes of the workshop were to:

e Familiarise potential new users to the existing research prospects that neutron sciences can
offer;

e Compilation of a database of all relevant role players (researchers and institutions) within
the area of neutron research in SA; the available expertise, current researchers that are
actively involved, capabilities and infrastructure;

e Agree on the areas on neutron research of relevance to SA;

e Explore the need to enter into a partnership with ESS to enhance the neutron research
capacities and capabilities in SA; and

e Agree on the high impact research areas that will form the basis for the collaboration with
ESS;

The main outcome of this workshop, thematic areas on interests were identified for the South Africans,
namely (Neutrons for Engineers; Crystallography: Organic Chemistry; Magnetism; Geosciences; Energy
Storage & Conversion Materials; Palaeontology & Heritage Conservation; Catalysis/synthesis;
Crystallography: Inorganic Chemistry; Nanomaterials; Life Sciences & Biology) and would be the main
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focus for follow-up workshop. The anticipated outcome of the second workshop was to finalise the
document required to formulate the neutron research activities in South Africa, current status
(Strength and Weaknesses) and future aspirations (Opportunities and Threats).

COVID-19 Pandemic regulations in early 2020 led to the cancellation of all in-person events across
South Africa, a directive that is still in force currently. This prevented the 2nd South African Workshop
planned for June 2020, from taking place. A meeting between all stakeholders (DSI, Necsa, iThemba
LABS, and Thrust Coordinators) decided to replace the 2nd South Africa workshop with a series of
virtual mini-symposia. An added advantage of hosting virtual mini-symposia was that experts from the
ESS and other international facilities can be involved with the events.

National Research  Lad:
A

Foundation

Participants of the First South African Workshop at iThemba LABS, August 2019.

List of delegates participated during Workshop 1 at iThemba LABS

Name Affiliation
1 Albertus Smith University of Johannesburg
2 Aletta Prinsloo University of Johannesburg
3 Amogelang Bolokang Council for Scientific and Industrial Research
4 Andre Strydom University of Johannesburg
5 Andre Venter Nelson Mandela University
6 Andreas Schreyer European Spallation Source ERIC, Sweden
7 Andrew Jackson European Spallation Source ERIC, Sweden
8 Andrew Venter Necsa SOC Ltd
9 Andy Buffler University of Cape Town
10 Bruce Mellado University of the Witwatersrand and iThemba LABS
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11 Catharine Esterhuysen University of Stellenbosch

12 Charles Mokonoto Department of Science and Innovation
13 Charles Sheppard University of Johannesburg

14 Charlot Vandevoorde iThemba LABS

15 Clifford Nxomani NRF

16 Daniel Hattingh Nelson Mandela University

17 Danny Adams Department of Science and Innovation
18 Deshenthree Chetty Mintek

19 Esna du Plessis Sasol

20 Frikkie De Beer Necsa SOC Ltd

21 Karen Cloete NRF-iThemba LABS

22 Ken Andersen European Spallation Source ERIC, Sweden
23 Kenneth Ozoemena University of the Witwatersrand

24 Kudakwashe Jakata University of the Witwatersrand

25 Lowry Conradie NRF-iThemba LABS

26 Malik Maaza NRF-iThemba LABS and UNESCO UNISA Africa Chair
27 Mlungisi Nkosi NRF-iThemba LABS

28 Monika Hartl European Spallation Source ERIC, Sweden
29 Nico Fischer University of Cape Town

30 Nico Orce University of the Western Cape

31 Ntombi Ditlopo Department of Science and Innovation
32 Peane Maleka NRF-iThemba LABS

33 Pieter Pistorius University of Pretoria

34 Reinhard Botha Nelson Mandela University

35 Robin Woracek European Spallation Source ERIC, Sweden
36 Rudolph Nchodu NRF-iThemba LABS

37 Sisa Pityana CSIR-National Laser Centre

38 Suprakas Sinharay Council for Scientific and Industrial Research
39 Tankiso Modise Necsa SOC Ltd

40 Tanya Hutton University of Cape Town

41 Thomas Leadbeater University of Cape Town

42 Trevor Sewell University of Cape Town

43 Willie du Preez Central University of Technology, Free State
44 Zina Ndlovu NRF-iThemba LABS

45 Zoé Fisher European Spallation Source ERIC, Sweden
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Workshop program, Day 1: 13 August 2019

First South African Workshop on Capacity Building: Neutron Research in Collaboration with BrightnESS® partners

Date Day 1: 13 August 2019
Venue NRF-iThemba LABS Auditorium
Chairperson(s) Dr. Peane Maleka (iThemba LABS) and Prof. Andrew Venter (Necsa)
Time
08h30 - 09h00 Arrival and Registration All
09h00 - 09h10 Safety brief and Induction NRF-iThemba LABS RSHEQ Department
09h10 - 09h30 Welcome Address Dr. Nxomani (NRF-Deputy CEQ)
09h30 - 10h30 Opening Address Dr. Adams (DST Chief Director)
10h30 - 11h00 NRF-iThemba LABS overview Dr. Nchodu (NRF-iThemba LABS Deputy Director)
11h00 - 11h30 Coffee/Tea break All
11h30 - 12h00 ESS Introduction and Overview Prof. Dr. Andreas Schreyer (ESS Director of Science)

ESS Instruments for slow, thermal and fast Neutrons: Current
12h00 - 12h30

and future Opportunities Ken Andersen
12h30 - 13h00 Life Science and Pharmaceutical Research Zoé Fisher
13h00 - 13h30 Soft Matter Challenges Andrew Jackson
13h30 - 14h30 Lunch break All
14h30 - 15h00 Structural and Light Weight Materials Robin Woracek
15h00 - 15h30 Chemistry, Catalysis and Energy Monika Hartl
15h00 - 16h00 Time for general Q & A ESS Delegation
16h00 - 16h20 Cofee/Tea break All
16h20 - 16h35 NRF-iThemba LABS neutron beam facility Zina Ndlovu
16h35 - 17h05 Radiation Biophysics at NRF-iThemba LABS Charlot Vandevoorde

17h05 - 17h3S Neutron diffraction at SAFARI-1 complemented by X-ray

diffraction Andrew Venter
17h35 - 18h00 Neutron Radiography at Necsa Frikkie De Beer
18h00 - 20h00 Social Event All
20h00 - ?? Departure to Hotel
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Workshop program, Day 2: 14 August 2019

First South African Workshop on Capacity Building: Neutron Research in Collaboration with BrightnESSz partners

Date Day 2: 14 August 2019
Venue NRF-iThemba LABS Auditorium
Convenor Department of Science and Technology

Time
09h00 - 09h30 Workshop briefing DST delegate
09h30 - 11h00 Breakaway discussions: Slow/Thermal Neutrons venue to confirmed

Breakaway discussions: Fast Neutrons venue to confirmed

11h00 - 11h30 Coffee/Tea break All
11h30 - 12h30 Breakaway discusions and reporting All
12h30 - 13h00 SA topical champions and Action Plans for Workshop 2 |All
13h00 - 14h00 Lunch break All
14h00 - 16h00 iThemba LABS Facility Tours
14h00 - 16h00 Departure to Airport*
16h30 - 17h00 Departure to Hotel*

* %

o

*
*
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Capacity Building: Neutron Research in Collaboration with BrightnESS? partners
Date: June 2020 -
Venue: Venue close to Necsa, Pelindaba, North West Province, South Africa

Chairpersons: Dr. Peane Maleka (NRF-iThemba LABS) and Prof. Andrew Venter (Necsa)

Overview

The purpose of this phase of the project was to involve the research community at large by having
topical sessions run by Thrust Coordinators identified during Workshop 1. The meetings needed to give
high-level overviews of the applications and hot research topics, supported by talks from experienced
South African neutron users, as well as people that have research questions that could possibly
answered by neutron techniques. The workshop had to be informative and interactive. It was
envisaged to run the workshop during June 2020, to ensure maximal participation by academia.

Due to the COVID-19 pandemic, large gatherings were not possible. In consultation with the Thrust

Coordinators the decision was made to have Workshop 2 replaced by individual mini-symposia run on

a virtual basis over the period August 2020 to January 2021. This enabled much larger international

participation to provide expert inputs. Using existing contacts internationally, and referrals from the

ESS, it was possible to have at least one topical expert per mini-symposium. Details on the mini-

symposia are indicated in Table A2.1, with Tables A2.2 to A2.11 giving specific details on each. Tables

A2.12 to A2.21 summarise the participants with each event. Note that these have been completed as

complete as possible, but due to the visual platform and open participation platform, not all

participants could be identified from their login details. The envisaged outcome of each mini-

symposium was to provide information towards:

SWOT analysis specifically related to our research interests and from this identify:

e What are the compelling science questions and issues that can be addressed with neutron
techniques?

e How can we engage meaningfully in these questions?

o What are the niche scientific areas that these could contribute to?

e What is the format of access do we require for South African facilities at Necsa (SAFARI-1) and
iThemba LABS, as well as abroad with the ESS (European Spallation Source ERIC)?

e What capacities do we need to develop as a country so that we can optimize the value adding
that neutron techniques can offer?
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Table A2.1: Details on mini-symposia

Neutrons for Engineers

Dr. Mark Newby (Eskom Holdings)

Crystallography: Organic | Prof. Catharine Esterhuysen
Chemistry (Stellenbosch University)
Prof. André Strydom
Magnetism (University of Johannesburg)
Prof. Albertus Smith
Geosciences (University of Johannesburg)
Prof. Kenneth Ozoemena
Energy Storage &

Conversion Materials

Palaeontology & Heritage

Conservation

Catalysis /synthesis

Crystallography: Inorganic

Chemistry

Nanomaterials

Life Sciences and Biology

(University of the Witwatersrand)

Dr. Amélie Beaudet
(University of Cambridge;
Witwatersrand)

Prof. Nico Fischer
(University of Cape Town)

Prof. Dave Billing
(University of the Witwatersrand)

Prof. Ray Suprakas (CSIR) and Prof. Malik Maaza

(iThemba LABS)

Prof. Maria Papathanasopoulos
(University of the Witwatersrand)

Prof. Danie Hattingh (Nelson Mandela University)

University of the

05 August 2020;
14:00 - 16:00
25 August 2020;
10:00-12:00
07 September
2020;
14:00 - 16:00
10 September
2020;
10:00-12:00
15 September
2020;
14:00 - 16:00
18 September
2020;
14:00 - 16:00
22 September
2020;
13:00 - 15:00
23 September
2020;
11:00 - 13:00
28 September
2020;
14:00 - 16:00
19 January 2021;
10:00 - 13:00

Table A2.2: "Neutrons for Engineers" mini-symposium, 05 August 2020 via MS Teams platform, coordinated by
Dr Mark Newby (Eskom Holdings) and Prof Danie Hattingh (Nelson Mandela University).

Time Topic Speaker
Review of previous neutron diffraction | Mark Newby
14:00 - 14:20 . . . . .
experiments with an industrial focus (Eskom Holdings)
Evaluation of the Laser Shock Peening Process for | Daniel Glaser (National Laser
14:20 - 14:40 | Turbine Blade Application using Neutron | Centre)
Techniques
The use of neutron diffraction in physical | Pieter Pistorius (University of
14:40 - 15:00 | metallurgy research in the Department of | Pretoria)
Materials Science and Metallurgical Engineering
Overview of neutron diffraction facilities at | Deon Marais
15:00 - 15:15
SAFARI-1 (Necsa SOC Ltd)
Comparative assessment of industrially relevant | Axel Steuwer (University of
15:15-15:40 . -
techniques and ESS capabilities Malta)
15:40 - 16:00 | Development of Position Paper: Open discussion | All speakers
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Table A2.3: "Neutrons for Chemistry" mini-symposium, 25 August 2020 via ZOOM platform, coordinated by Prof
Catharine Esterhuysen (Stellenbosch University).

Time Topic Speaker
10:00 - 10:30 | Neutron scattering in industry Esna du Plessis (SASOL)
10:30 - 10:45 | Chemistry and material science using neutrons Monika Hartl (ESS)
10:45 - 10:55 | Neutron powder diffraction facility at SAFARI-1 Andrew Venter (Necsa)
Alice Brink (UFS)
Perspectives on how access to neutron techniques | Susan Bourne (UCT)
10:55-11:20 | at SAFARI-1, iThemba LABS and ESS could benefit | Delia Haynes (SU)
research Manuel Fernandes (Wits)
Catharine Esterhuysen (SU)
11:20-12:00 | Discussion and Feedback All speakers

Table A2.4:"Neutrons for Magnetism" mini-symposium, 07 September 2020 via ZOOM platform, coordinated by
Prof André Strydom (University of Johannesburg).

Time Topic Speaker
14:00 - 14:05 | Welcome André Strydom (U)J)
14:05 - 14:20 | Neutron diffraction facility at SAFARI-1 ﬁr(;(;rew Venter (Necsa SOC
An update of the European Spallation Source
) ) ERIC and the cold time of flight spectrometer,

14:20 - 15:00 CSPEC, as a future tool for the study of magnetic Pascale Deen (ESS)
excitations
Neutron scattering: an indispensable tool for

15:00 - 15:20 | studying magnetism in correlated electron | André Strydom (UJ)
systems

15:20 - 15:40 Neutron 'dlf'fractlon studies |'n Cr based bulk Aletta Prinsloo (UJ)
alloys, thin films and nanoparticles (I)

15:40 - 16:00 Neutron 'dlf'fractlon studies |'n Cr based bulk Charles Sheppard (UJ)
alloys, thin films and nanoparticles (ll)
Open discussion on way forward / Closing

16:00 - 16:30 All speakers

Comments

Table A2.5:"Neutrons for Geosciences" mini-symposium, 10 September 2020 via ZOOM platform, coordinated
y Prof Albertus Smith (University of Johannesburg).

Time Topic Speaker
10:00 - 10:05 | Welcome Bertus Smith (UJ)
10:05 - 10:50 Neutron diffraction for Geosciences: texture and Viadimir Luzin (ANSTO)

stress analyses
10:50 - 11:05 Facilities at Necsa in support of Geosciences Andrew Venter (Necsa)
11:05-11:25 | X-Ray CT and early Earth biological textures Bertus Smith (UJ)
11:25-11:45 | X-Ray CT and applications to minerals processing Carene Mouton (UJ)
X-ray CT shows ellipsoidal inclusion-free halo
11:45-12:05 | around cubic phase in Brazilian carbonado: First | Sharad Master (Wits)
strain analysis of pre-solar material?
Open discussion on way forward / Closing
12:05-12:30 All speakers

Comments
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Table A2.6:"Neutrons for Energy Storage & Conversion Materials" mini-symposium, 15 September 2020 via
ZOOM platform, coordinated by Prof Kenneth Ozoemena (University of the Witwatersrand).

Time Topic Speaker

10:00 - 10:05 Welcome Kenneth Ozoemena (Wits)

Thfe unique structtfral |n§|ghts and challenges of William  Brant  (Uppsala
10:05 - 10:35 using neutron diffraction to study battery . .

. University, Sweden)
materials
) ) Small angle neutron scattering as a tool to probe | Charl Jafta

10:35-11:05 battery electrodes (ORNL, USA)

The application of neutron scattering for lithium- | Mesfin Kebede (CSIR, South
11:05-11:20 . .

ion battery Africa)

Sharing research experience with powder . .

. . . Aderemi Haruna (Wits, South

11:20-11:35 neutron diffraction analysis for energy storage Africa)

materials

Large-scale research facilities for technological | Dean Barrett (Wits, South
11:35-11:50 . .

and economic development Africa)
11:50 - 12:05 Facilities at NECSA Andrew Venter (NECSA)
12:05 - 12:30 Open discussion on way forward / Closing All speakers

Comments

Table A2.7: "Neutrons for Palaeontology & Heritage Conservation" mini-symposium, 18 September 2020 via
ZOOM platform, coordinated by Dr Amélie Beaudet (University of Cambridge; University of the Witwatersrand).

Time Topic Speaker
Amélie Beaudet
14:00 - 14:05 | Wel
eicome (UC and Wits)
14:05 - 14:50 What neutron imaging can tell us about our | Burkhard  Schillinger (MLZ,
distant ancestors Germany)

) ) , Amélie Beaudet (University of
14:50 - 15:10 | Neutron tomography in Palaeontology Cambridge and Wits)
15:10-15:30 The use of Neutron' and X-ray @agmg " | Robert Nshimirimana (Necsa)

Palaeontology and Heritage Conservation
15:30 - 16:30 Questions and discussion on way forward / All speakers

Closing Comments

Table A2.8: "Neutrons for Catalysis" mini-symposium, 22 September 2020 via ZOOM platform, coordinated by
A/Prof Nico Fischer (University of Cape Town).

Time Topic Speaker

13:00 - 13:10 | Welcome and setting the scene Nico Fischer (UCT, SA)
Examining the temporal behaviour of the | David Lennon (Univ. of

13:10-13:30 | hydrocarbonaceous overlayer on an iron-based | Glasgow, UK)
Fischer Tropsch synthesis catalyst

13:30-13:35 | Q&A

13:35 - 14:00 Neutron techniques in industrial catalysis | Esna du Plessis (SASOL, SA)
development and research

14:00 - 14:05 | Q&A

14:05 - 14:20 Explorir\g catalytic reactions with neutron | Monika Hartl (ESS, Sweden)
scattering
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14:20 - 14:40 | The ISIS Neutron and Muon Source Steward Parker (ISIS, UK)
14:40 - 14:55 | Neutron powder diffraction facility at SAFARI-1 Andrew Venter (Necsa, SA)
14:55 - 15:30 General discussion on the need and opportunities | All speakers

of the SA Catalysis community

Table A2.9:"Neutrons for Chemistry: Crystallography: Inorganic Chemistry" mini-symposium, 23 September
2020 via ZOOM platform, coordinated by Prof Dave Billing (University of the Witwatersrand).

Time Topic Speaker

10:30 - 10:40 | Welcome and Introduction Dave Billing (Wits)
Scientific Capabilities of  the DREAM —

10:40-11:20 Diffractometer at ESS Mikhail Feygenson (ESS)
A neutron diffraction study of the heterogeneity

11:20 - 11:40 | problem of retained austenite in cast-iron grinding | Ernst Ferg (NMU)
balls

11:40 - 12:00 | Neutron powder diffraction facility at SAFARI-1 Andrew Venter (Necsa)

12:00 - 12:20 Correlfatlon of ferroic 'ord'ers in multiferroics Daniel Wamwangi (Wits)
materials for energy applications

12:20 - 12:40 Structure and thermoresponsive behaviour of Wilson Mogodi (UCT)
porous and non-porous borophosphates

12:40 - 13:00 Structure Property Correlation in SOFC/SOEC Dave Billing (Wits)
electrolytes

13:00 - 13:30 Questions and discussion on way forward / Closing All speakers

Comments

Table A2.10: "Neutrons for Nanomaterials" mini-symposium, 28 September 2020 via ZOOM platform,
coordinated by Prof Suprakas Sinha Ray (CSIR) and Prof Malik Maaza (iThemba LABS and UNISA).

Time Topic Speaker
Suprakas Sinha-Ray (CSIR)
14:00 - 14:05 Welcome and Prof. Malik Maaza
(iThemba LABS&UNISA)
14:05-14:30 | Applications ~of ~ Scattering in  Polymer | | . i poy (CSIR)
Nanocomposite Research: An overview
Investigating Nanomaterials with Neutrons -
14:30 - 15:00 e Andrew Jackson (ESS)
Current and Future Opportunities
15:00 - 15:30 A journey in the world of Neutron Reflectivity Alain Qbaud (University of
Le Maine)
Surface & interface phenomena in Malik Maaza (iThemba LABS
15:30 - 15:50 nanostructures by
& UNISA)
neutron reflectometry
15:50 - 16:05 Neutron powder diffraction facility at SAFARI-1 | Andrew Venter (Necsa)
16:05 - 16:30 Questions and discussion on way forward / All speakers

Closing Comments

BrightnESS? is funded by the European Union Framework
B Programme for Research and Innovation Horizon 2020,
under grant agreement 823867

brightness.esss.se
¥ @brightnesseu




Table A2.11:"Neutrons for Life Sciences and Biology" mini-symposium, 19 January 2021 via ZOOM platform,
coordinated by Prof Maria Papathanasopoulos (University of the Witwatersrand).

Time Topic Speaker
Introduction: Background on SA-BrightnESS2 | Andrew Venter (Necsa, SA)
10:00 - 10:10 project Maria  Papathanasopoulos
Welcome (WITS, SA)
10:10-10:25 General intro to neutrons & life sciences Zoé Fisher (ESS, Sweden)
Examplgs of how X-ray anfi Neutron scattering Marité Cardenas (Malmd
10:25 - 10:40 can aide at updating markers for . .
. University, Sweden)
atherosclerosis development
SANS for structural and dynamical studies of | Frank Gabel (Institut de
10:40 - 10:55 . . . . .
biomacromolecular complexes in solution Biologie Structurale, France)
The relative importance of different
10:55 - 11:10 | technologies  for —protein - structure | oo el (UCT, SA)
determination from the perspective of a South
African Structural Biologist
Hidden secrets of enzyme mechanism revealed | Peter Moody (University of
11:10-11:25 . .
by neutron crystallography: heme peroxidases | Leicester, UK)
The use of small-angle neutron scattering
11:25-11:40 (SANS) to understand dynamic changes in CD4 | Gavin Owens (WITS, SA)
structure implicated in HIV-1 infection
Neut Scatteri in int ted structural
11:40 - 11:55 'eu ron ca. ering In integrated SUUCUral | rrevor Forsyth (ILL, France)
biology; Closing remarks and summary
-Substrate position and hydrolysis in the
11:55 - 12:05 amidases Stanley Makumire (UCT, SA)
) ) -Future prospects for Neutron Scattering in | Andrew Venter (Necsa, SA)
South Africa
12:05 - 13:00 General discussion All speakers

Table A2.12: Participants list with "Neutrons for Engineers" mini-symposium, 05 August 2020

No. | Name Institute Email

1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za

2 Andrew Venter Necsa SOC Ltd andrew.venter@necsa.co.za

3 Robert Nshimirimana Necsa SOC Ltd ;obert.nshimirimana@necsa.co.z

4 Abegunde Olayinka uJ oabegunde@uj.ac.za

5 Arno Barnard SUN abarnard@sun.ac.za

6 Aderemi Haruna Wits aderemi.haruna@wits.ac.za

7 Annelize Botes RMIT University, Australia | annelize.botes@rmit.edu.au

8 Axel Steuwer (Presenter) | University of Malta axel.steuwer@um.edu.mt

9 Benic van Wyk NwWuU benicvanwyk@gmail.com
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No. | Name Institute Email

10 | Bernard Dreyer NMU Dreyer.Bernard@mandela.ac.za
11 Blaine Deborah SUN dcblaine@sun.ac.za

12 | Bruce Rubidge Wits bruce.rubidge@wits.ac.za

13 Coetsee Stander NWU coetseestander@gmail.com

14 | Daniel Glaser (Presenter) | CSIR DGlaser@csir.co.za

15 Deon Marais (Presenter) Necsa SOC Ltd Deon.Marais@necsa.co.za

16 Derik Wolvaardt Lesedins Derik.Wolvaardt@lesedins.co.za
17 Dewan Schoeman Eskom SchoemDa@eskom.co.za

18 Dheshan Naran Eskom NaranD@eskom.co.za

19 Du Preez Willie CUT wdupreez@cut.ac.za

20 | Danie Hattingh NMU danie.hattingh@mandela.ac.za
21 | Jeetesh Keshaw DME Jeetesh.Keshaw@dmre.gov.za
22 Herculaas Botha NWU herculaasbotha@gmail.com

23 Luke Norton Wits luke.norton@students.wits.ac.za
24 | Madyira Daniel uJ d.m@uj.ac.za

25 | Maria Papathanasopoulos | Wits ;l;/cliazrziaa.Papathanasopoulos@wits.
26 Maritha Theron CSIR Mtheron@scir.co.za

27 | Mark Newby (TC) Eskom newbym@eskom.co.za

28 Marthinus Bezuidenhout Eskom bezuidm@eskom.co.za

29 | Miss M Cazenave

30 | Patricia Kooyman UcCT patricia.kooyman@uct.ac.za

31 Pavel Bokov Necsa SOC Ltd Pavol.Bokov@necsa.co.za

32 | Pelonomi Ramatlhatse Necsa SOC Ltd P:alonomi.Ramatlhatse@necsa.co
33 | Philip Pare Necsa SOC Ltd phillip.pare@necsa.co.za

34 Fli(::(ranter) Pistorius up Pieter.Pistorius@up.ac.za

35 Roelf Mostert uP roelf.mostert@up.ac.za

36 | Rakgoshi Mmethi Necsa SOC Ltd Rakgoshi.Mmethi@pelchem.co.za
37 | Richard Curry UCT rj.curry@uct.ac.za
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No. | Name Institute Email

38 Robert Knutsen UCT robert.knutsen@uct.ac.za

39 | Rohit Bhagwandas Eskom rohit.bhagwandas@eskom.co.za
40 | Ronnie Scheepers Eskom ronnie.scheepers@eskom.co.za
41 Sacks, Natasha SUN natashasacks@sun.ac.za

42 | Suprakas Sinha Ray CSIR rsuprakas@csir.co.za

43 | Tanya Hutton UcCT tanya.hutton@uct.ac.za

44 | Ter Haar, GM SUN gterhaar@sun.ac.za

45 | Tom Leadbeater UCT tom.leadbeater@uct.ac.za

46 | Tshepo Ntsoane Necsa SOC Ltd tshepo.ntsoane@necsa.co.za

47 | Melodi van Rooyen SUN Melodivanrooyen@sun.ac.za

48 | Andre Venter NMU andre.venter@mandela.ac.za
49 | Tjatji Tjebane Necsa SOC Ltd tjatji.tjebane@necsa.co.za

50 | Young Andrew NMU andrew.young@mandela.ac.za
51 Kudakwashe Jakata Wits kudakwashe.jakata@esrf.fr

52 | Lohann du Preez NwWU

53 | Johan Westraadt NMU Johan.Westraadt@mandela.ac.za

Table A2.13:List of participants with "Neutrons for Crystallography, Organic Chemistry" mini-symposium, 25
August 2020.

No. | Name Institute email
1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za
Andrew Venter
2 Necsa SOC Ltd andrew.venter@necsa.co.za
(Presenter)
3 Robert Nshimirimana Necsa SOC Ltd robert.nshimirimana@necsa.co.za
Catharine Esterhuysen
4 SU ce@sun.ac.za
(TC; Presenter) @
Esna du Plessis .
5 SASOL esna.duplessis@sasol.com
(Presenter)
6 Alan Eaby SU ace@sun.ac.za
7 Adam Shnier Wits adamshnier@gmail.com
8 Alebel Belay UFS crossispower@gmail.com
o BrightnESS? is funded by the European Union Framework brightness.esss.se
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No. | Name Institute email

9 Alice Brink (Presenter) UFS BrinkA@ufs.ac.za

10 | Andreas Roodt UFS RoodtA@ufs.ac.za

11 | Ayodele Odularu UFH ayodeleodularu@gmail.com
12 Charmaine Arderne uJ carderne@uj.ac.za

13 | Delia Haynes (Presenter) | SU dhaynes@sun.ac.za

14 Deon Marais Necsa SOC Ltd Deon.Marais@necsa.co.za

15 | Jeetesh Keshaw DMRE Jeetesh.Keshaw@dmre.gov.za
16 | Leanne Matthysen Sasol leanne.matthysen@sasol.com
17 | Mark Newby Eskom newbym@eskom.co.za

18 | Mikhail Feygenson Julich m.feygenson@fz-juelich.de
19 | Monika Hartl (Presenter) | ESS monika.hartl@esss.se

20 Nico Fischer UCT nico.fischer@uct.ac.za

21 N Kheswa iThemba LABS kheswa@tlabs.ac.za

22 | PA

23 Pavel Bokov Necsa SOC Ltd pavel.bokov@necsa.co.za

24 | Pradish

25 | Rohit Bhagwandas Eskom rohit.bhagwandas@eskom.co.za
26 | Susan Bourne (Presenter) | UCT susan.bourne@uct.ac.za

27 Terence Noonan UCT NNNTEROO2@myuct.ac.za

28 | Thabo Tlale

29 :\I/J;ra:sier:ter) Fernandes Wits Manuel.Fernandes@wits.ac.za
30 Madindwa Mashinini uJ mmashinini@uj.ac.za

31 | Jeanvan Laar ETA Operations (Pta) Jean@vanlaar.co.za

32 | Marisa Strydom us strydom@sun.ac.za

33 | Corney van Rooyen CSIR cvanrooyen@csir.co.za

34 | Stanley Makumire UCT stanmakster@gmail.com

35 Renier Koen Necsa SOC Ltd Renier.Koen@necsa.co.za

36 | Tshepo Ntsoane Necsa tshepo.ntsoane@necsa.co.za
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No. | Name Institute email

38 Banele Vatsha uJ bvatsha@uj.ac.za

39 | Musarrat Safi Council for Geosciences | msafi@geoscience.org.za
40 | Trevor Sewell UCT trevor.sewell@uct.ac.za

Table A2.14:List of participants with "Neutrons for Magnetism" mini-symposium, 07 September 2020.

No. | Name Institute Email

1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za

2 Andrew Venter Necsa SOC Ltd andrew.venter@necsa.co.za

(Presenter)

3 Robert Nshimirimana Necsa SOC Ltd robert.nshimirimana@necsa.co.za

4 Gert Benade

5 '(API:EZnter) Prinsloo uJ alettap@uj.ac.za

6 (CPhrzrsI:zter) Sheppard uJ cjsheppard@uj.ac.za

7 Pascale Deen (Presenter) | ESS pascale.deen@ess.eu

8 Jeetesh Keshaw DMRE Jeetesh.Keshaw@dmre.gov.za

9 Qg(rj:enter; T0) Strydom uJ amstrydom@uj.ac.za

10 Roelof Mostert uP roelf.mostert@up.ac.za

11 | Rohit Bhagwandas Eskom rohit.bhagwandas@eskom.co.za

12 Danie Hattingh NMU DANIEH@mandela.ac.za

13 | Daniel Wamwangi Wits Daniel. Wamwangi@wits.ac.za

14 Deon Marais Necsa Deon.Marais@necsa.co.za

15 | Johan de Villiers up johan.devilliers@up.ac.za

16 | Tshepo Ntsoane Necsa SOC Ltd tshepo.ntsoane@necsa.co.za

17 | Shadrack Nsengiyumva RU s.nsengiyumva@ru.ac.za

18 | Sizwe Mhlongo UCT sizwesmhlongo@gmail.com

19 | Stanley Makumire UCT stanmakster@gmail.com

20 | Tjatji Tjebane Necsa SOC Ltd tjatji.tjebane@necsa.co.za

21 | Zeldah Sentsho Necsa SOC Ltd Zeldah.Sentsho@necsa.co.za
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No. | Name Institute Email

22 Malik Maaza iThemba LABS maaza@tlabs.ac.za

23 | Michael Claeys UCT michael.claeys@uct.ac.za
24 | Delia Haynes us dhaynes@sun.ac.za

25 Mesfin Kebede CSIR mkebede@csir.co.za

Table A2.15:List of participants with "Neutrons for Geosciences" mini-symposium, 10 September 2020.

No. | Name Institute email
1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za
And Vent
2 ndrew enter Necsa SOC Ltd andrew.venter@necsa.co.za
(Presenter)
3 Robert Nshimirimana Necsa SOC Ltd robert.nshimirimana@necsa.co.za
4 Vladimir Luzin (Presenter) | ANSTO, Australia vlil@ansto.gov.au
Albert Smith TC;
5 ertus m (TG; ulJ bertuss@uj.ac.za
Presenter)
Carene Mouton
6 (Presenter) U
7 David Groenewald Wits
8 Deon Marais Necsa SOC Ltd Deon.Marais@necsa.co.za
9 Luke Norton Wits Inorton.za@gmail.com
10 | Dumisani Mapundu Mimosa Mining Dumisani.Mapundu@mimosa.co.zw
Coamnanu Zimhahwe
11 | Mark Newby Eskom newbym@eskom.co.za
12 Mosili Mintek
13 Moufhe Tshibalanganda SU muofhe@sun.ac.za
14 | Patricia Kooyman UcCT Particia.kooyman@uct.ac.za
15 | Rohit Bhagwandas Eskom rohit.bhagwandas@eskom.co.za
16 | Tshepo Ntsoane Necsa SOC Ltd Tshepo.ntsoane@necsa.co.za
17 | Thulani Maupa SANEDI
Th P &
18 | Theodore Pegram €0 . egram
Associates
19 | Sharad Master (Presenter) | Wits Sharad.Master@wits.ac.za
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No. | Name Institute email

20 | Jeetesh Keshaw DMRE Jeetesh.Keshaw@dmre.gov.za

21 | Nkhensani uJ

22 | Daniel Bussin uJ
I I Plati

23 | Johannes du Plessis mpa'a atinum, johannes.duplessis@implats.co.za
Rustenburg

24 | Kirstin British Geological
Survey

25 Roana Mouton

Institute of Geological
26 | Kristina Sahakyan Sciences of NAS, | sahakyankristina@gmail.com
Armenia

27 Armand

28 | Jacolene De Klerk

29 Taron

Table A2.16:List of participants with "Neutrons for Energy Storage & Conversion Materials" mini-symposium, 15
September 2020.

No. | Name Institute email

1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za

2 Andrew Venter Necsa SOC Ltd andrew.venter@necsa.co.za

(Presenter)

3 Robert Nshimirimana Necsa SOC Ltd robert.nshimirimana@necsa.co.za

4 Charl Jafta (Presenter) ORNL, USA jaftacj@ornl.gov

5 William Brant (Presenter) gxz::: University, William.brant@kemi.uu.se

6 Kenneth Ozoemena (TC) Wits kenneth.ozoemena@wits.ac.za

7 '(APdreeZZr:tier) Haruna Wits aderemi.haruna@wits.ac.za

8 Catharine Esterhuysen SU ce@sun.ac.za

9 Dean Barrett (Presenter) Wits dean.barrettl @wits.ac.za

10 Danie Louw CSIR dlouw@csir.co.za

11 David Kock Necsa SOC Ltd David.Kock@necsa.co.za

12 Deon Marais Necsa SOC Ltd Deon.Marais@necsa.co.za
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No. | Name Institute email

13 | Dixon

14 | Funnk908

15 | ltumeleng Mokhosi Wits itumeleng.mahlomojel@wits.ac.za
16 | Jimodo

17 | Katlego W. Phoshoko

18 Kay

19 | Kenza Elbouazzaoui

20 | Killian

21 | Makgopa K

22 Malik Maaza iThemba LABS maaza@tlabs.ac.za

23 :\I/Js::iennter) Kebede CSIR mkebede@csir.co.za

24 | Mwonga

25 Nico Fischer UCT nico.fischer@uct.ac.za

26 | Nithyadharseni Palaniyan

27 | Noko Ngoepe UL noko.ngoepe@ul.ac.za

28 | Olof Gustafsson

29 Patricia Kooyman UcCT patricia.kooyman@uct.ac.za
30 | Phuti Ngoepe UL phuti.ngoepe@ul.ac.za

31 Roelf Mostert uP roelf.mostert@up.ac.za

32 | Rohit Bhagwandas Eskom rohit.bhagwandas@eskom.co.za
33 | Ruzanne

34 | Seromo Podile

35 | Simon Tide’n

36 | Siwa

37 | Thapelo

38 Michelle Bark iThemba LABS cise@tlabs.ac.za

39 | Tjatji Tjebane Necsa SOC Ltd tjatji.tjebane@necsa.co.za

40 | Tshepo Ntsoane Necsa SOC Ltd Tshepo.Ntsoane@necsa.co.za
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No.

Name

Institute

email

41 | Tshifhiwa Masikwa Necsa SOC Ltd tshifhiwa.masikhwa@necsa.co.za
42 | Vitsh716

43 | Yu-Chuan Chien

44 | Nsovo Mathebula

45 | 1683815

46 | Bose

47 | Jonas Welch

48 | Manox Maubane

49 | Jeetesh Keshaw DMRE Jeetesh.Keshaw@dmre.gov.za
50 | Malatji Tumelo UL kemeridge.malatji@ul.ac.za
51 | Nithya Chetty Wits nithaya.chetty@wits.ac.za
52 | Gionee

53 | Josh

54 | Assumpta Chinwe

55 | Vincent Chamori UKZN nyamori@ukzn.ac.za

56 | Djurdjija Dzodan

57 | Michael Claeys UCT michael.claeys@uct.ac.za
58 | Haidong

g Nonhlanhla

61 | Anastasiia Mikheenkova

62 | Sylvia Ledwaba

63 | Malin Eklund

Table A2.17:List of participants with "Neutrons for Palaeontology & Heritage Conservation" mini-symposium,

18 September 2020.
No. | Name Institute email
1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za
2 Andrew Venter Necsa SOC Ltd andrew.venter@necsa.co.za
3 ?I;)rt:(ratnter) Nshimirimana Necsa SOC Ltd robert.nshimirimana@necsa.co.za
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No. | Name Institute email

4 ﬁ:zileister)Beaudet (TG; UC and Wits beaudet.amelie@gmail.com

5 ?Pur:ekszanrir) Schillinger MLZ, Germany Burkhard.Schillinger@frm2.tum.de
6 Kudakwashe Jakata ESRF, France kudakwashe.jakata@esrf.fr

7 Trevor Sewell UCT Trevor.Sewell@uct.ac.za

8 Ama-Tabu Mozagba Necsa SOC Ltd Ama-Tabu.Mozagba@necsa.co.za
9 Clement Zanoli University of Bordeau

10 David Groenewald Necsa SOC Ltd David.groenewald@necsa.co.za
11 | Ina Lommatzsch MLz

12 | Jeetesh Keshaw DMRE Jeetesh.Keshaw@dmre.gov.za
13 | Kristina Sahakyan ISr;T::\E(: of Ofeololii;:’l sahakyankristina@gmail.com
14 Luke Norton Wits Lnorton.za@gmail.com

15 Malik Maaza IThemba LABS maaza@tlabs.ac.za

16 | Mark Newby Eskom mark.newby@eskom.co.za

17 Nomawethu Hlazo UCT hlznom001@myuct.ac.za

18 | Roger Smith Iziko Museaums rsmith@iziko.org.za

19 | Ruzan Safaryan

20 | Sammy Malaka Necsa SOC Ltd Sammy.Malaka@necsa.co.za
21 | Tanya Hutton UcCT tanya.hutton@uct.ac.za

22 | Tom Leadbeater UCT tom.leadbeater@uct.ac.za

23 | Tshakane DMRE

24 | Tshepo Ntsoane Necsa SOC Ltd tshepo.ntsoane@necsa.co.za
25 | Zanha Steynberg Necsa SOC Ltf zahna.steynberg@necsa.co.za
26 | Bruce Rubidge \I:\zlall-lz;se’ontology CoE Bruce.Rubidge@wits.ac.za

27 | Dominic Stratford WITS Dominic.Stratford@wits.ac.za
28 | Cazenave Marine g:x:::z\:y’ UK of marine.cazenave4@gmail.com
29 | Tjatji Tjebane Necsa SOC Ltd tjatji.tjebane@necsa.co.za

30 | Lowry Conradie iThemba LABS lowry@tlabs.ac.za
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Table A2.18:List of participants with "Neutrons for Catalysis" mini-s

ymposium, 22 September 2020.

No. | Name Institute email

1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za

2 Andrew Venter Necsa SOC Ltd andrew.venter@necsa.co.za
(Presenter)

3 Robert Nshimirimana Necsa SOC Ltd robert.nshimirimana@necsa.co.za

4 Nico Fischer (TC) UCT nico.fischer@uct.ac.za

5 David Lennon (Presenter) | Univ. of Glasgow, UK David.Lennon@glasgow.ac.uk

6 fs::senter)du Plessis SASOL, SA esna.duplessis@sasol.com

7 Monika Hartl (Presenter) | ESS, Sweden monika.hartl@esss.se

8 (SIE(::_:.Z:ter) Parker ISIS, UK stewart.parker@stfc.ac.uk

9 Adli Peck adlipeck@gmail.com

10 | Alisha Davidson UG, UK alisha.davidson@glasgow.ac.uk

11 | Amanda Mbhele UKZN 212543624@stu.ukzn.ac.za

12 | Bhawna Uprety uprety.bhawna@gmail.com

13 | Blessing Mahuhushe

14 | Catharine Esterhuysen us ce@sun.ac.za

15 | Chelsea Tucker UCT tckche002@myuct.ac.za

16 | Cheslin Moodley cheslin.moodley@gmail.com

17 | Christopher Mullins UCT mllchr041@myuct.ac.za

18 | Denzil Moodley SASOL

19 Deon Marais Necsa SOC Ltd Deon.Marais@necsa.co.za

20 | Emma Gibson UG, UK emma.gibson@glasgow.ac.uk

21 | Ericvan Steen

22 | Gavin Ball NTP Pty Ltd gavin@ntp.co.za

23 | Hassan Moydien UCT mydmoh001@myuct.ac.za

24 | Isaac Beas

25 | Jeetesh Keshaw DMRE Jeetesh.Keshaw@dmre.gov.za
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No. | Name Institute email

26 | Joshua Gorimbo

27 | Khasu

28 | Kyle Batchelor

29 | Leon Okonye

30 | Lerato Mokoloko

31 Louis Jordaan SCS louis@scs-space.com

32 | Mamdouh

33 | Max

34 | Michael Claeys UCT michael.claeys@uct.ac.za

35 | Mohamed Fadlalla UcCT

36 Mzamo Shozi UKZN shozim2@ukzn.ac.za

38 Pinkie Ntola UKZN 217081870@stu.ukzn.ac.za
39 Revana Chanerika revanachanerika@gmail.com
40 | Rhiyaad Mohamed UCT rhiyaad.mohamed@uct.ac.za
41 | Sammy Malaka Necsa SOC Ltd Sammy.malaka@necsa.co.za
42 | Selusiwe

43 | Shaine Raseala UCT rslsha004@myuct.ac.za

44 | Sibusiso Mahlalela up

45 | Sifundo Xaba UKZN

o e

47 | Stephen Akinlabi uJ stephenakinlabi@gmail.com
48 | Thaane

49 | Thabiso

50 | Thulani Mvelo Nyathi UCT

51 | Tjatji Tjebane Necsa SOC Ltd tjatji.tjebane@necsa.co.za
52 | Tsepiso K tspskabi@yahoo.com

53 | Tshepo Ntsoane Necsa SOC Ltd tshepo.ntsoane@necsa.co.za
54 | Veroushia Padayachee UCT veroushia@gmail.com

BrightnESS? is funded by the European Union Framework
Programme for Research and Innovation Horizon 2020,
under grant agreement 823867

brightness.esss.se
¥ @brightnesseu




No. | Name Institute email

55 | Victor

56 | Wijnand Marquart UcCT mrqwij001@myuct.ac.za

57 | Xinying Liu Wits xyliu.wits@gmail.com

58 | Gerard Leteba UCT gerard.leteba@uct.ac.za

59 Kabir Otun otunkabir@yahoo.com

60 | Siya

61 Diane Hildebrandt Unisa hilded@unisa.ac.za

62 | Tshepiso Lekoma

63 | Shahid

64 | PA

65 | 01367278

66 | 01469123

67 | Luca Lucarelli

68 | Ntokozo

69 | Patricia Kooyman UcCT patricia.kooyman@uct.ac.za
70 | Sibusiso Hlatshwayo

71 | Charmaine Arderne uJ carderne@uj.ac.za

72 | Tshakane

73 | Gaopalelwe Santswere Necsa SOC Its Gaopalelwe.Santswere@necsa.co.za

Table A2 19:List of participants with "Neutrons for Crystallography, Inorganic Chemistry" mini-symposium, 23

September 2020.

No. | Name Institute email

1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za

2 Andrew Venter Necsa SOC Ltd andrew.venter@necsa.co.za
(Presenter)

3 Robert Nshimirimana Necsa SOC Ltd robert.nshimirimana@necsa.co.za
Dave Billing (TC; . - .

4 Presenter) Wits Dave.Billing@wits.ac.za
Mikhail F

5 (Plreszlnter) ceygenson ESS, Sweden m.feygenson@fz-juelich.de
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No. | Name Institute email

6 Ernst Ferg (Presenter) NMU Ernst.Ferg@mandela.ac.za

7 ?Parr::alnter) Wamwangi Wits Daniel. Wamwangi@wits.ac.za
8 :/I\D/:I(::ennter) Mogodi UCT wilson.mogodi@uct.ac.za

9 Bhawna Uprety uJ uprety.bhawna@gmail.com
10 | Tjatji Tjebane Necsa SOC Ltd tjatji.tjebane@necsa.co.za

11 | Tumaini Mkwizu Wits tumaini.mkwizu@wits.ac.za
12 Charmaine Arderne uJ carderne@uj.ac.za

13 Gugulethu Nkala Wits 721270@students.wits.ac.za
14 | Caren Billing Wits Caren.Billing@wits.ac.za

15 | Kyle Batchelor uJ

16 Michelle Thiebaut Wits 736407 @students.wits.ac.za
17 | Gavin Ball NTP Pty Ltd gavin@ntp.co.za

18 | Terence

19 Mathias Kiefer WITS 720957 @students.wits.ac.za
20 Deon Marais Necsa SOC Ltd Deon.Marais@necsa.co.za

21 | PA

22 | Abhishek Pandey Wits abhishek.pandey@wits.ac.za
23 | Alebel Belay UFS crossispower@gmail.com

24 | Catharine Esterhuysen us ce@sun.ac.za

25 Darren Fynn Wits 1046999 @students.wits.ac.za
26 | Dennis Buli

27 | Jan Dillen SU jimd@sun.ac.za

28 Louis Jordaan SS louis@scs-space.com

29 | Tshepo Ntsoane Necsa SOC Ltd tshepo.ntsoane@necsa.co.za
30 Martin Ntwaeaborwa Wits martin.ntwaeaborwa@wits.ac.za
31 Muntswu Zwivhuya Wits 1738492 @students.wits.ac.za
32 Patricia Kooyman UcCT patricia.kooyman@uct.ac.za
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33 | Rudolph Erasmus Wits Rudolph.Erasmus@wits.ac.za
34 | Sammy Malaka Necsa SOC Ltd Sammy.Malaka@necsa.co.za
35 Sikhumbuzo Masina Wits 1762101 @students.wits.ac.za
36 | Tshakane

37 | Jeetesh Keshaw DMRE Jeetesh.Keshaw@dmre.gov.za
38 | Max

39 | Trevor Sewell UCT Trevor.Sewell@uct.ac.za

40 | U16381905

41 | Mpho Lekgoathi Necsa SOC Ltd mpho.lekgoathi@necsa.co.za
42 | Ayodele Odularu UFH 201106223 @ufh.ac.za

Table A2.20: List of participants with "Neutrons for Nanomaterials" mini-symposium, 28 September 2020.

No. | Name Institute email

1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za

2 Andrew Venter Necsa SOC Ltd andrew.venter@necsa.co.za
(Presenter)

3 Robert Nshimirimana Necsa SOC Ltd robert.nshimirimana@necsa.co.za

4 Suprakas Sinha-Ray (TC) CSIR rsuprakas@csir.co.za

5 "|\'/8“k Maaza (Presenter; iThemba LABS maaza@tlabs.ac.za

6 Andrew Jackson ESS, Sweden andrew.jackson@ess.eu
(Presenter)

7 ili\r/(iet:enter)smha Roy CSIR JBandyopadhyay@csir.co.za

8 Alain Gibaud (Presenter) ::Jrr:r\:f:ity of Le Maine, alain.gibaud@univ-lemans.fr

9 Bothloko

10 Mahmood Akbari iThemba LABS makbari@tlabs.ac.za

11 | Nametso Mongwaketsi iThemba LABS nanky@tlabs.ac.za

12 Razie Morad iThemba LABS rmorad@tlabs.ac.za

13 Boitumelo Mabakachaba | iThemba LABS bmabakachaba@tlabs.ac.za

14 | Daniel Kwasi Kpeglo
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No.

Name

Institute

email

15 Deon Marais Necsa SOC Ltd Deon.Marais@necsa.co.za

16 Dirk Fourie iThemba LABS dirk@tlabs.ac.za

17 | Fundampanza iThemba LABS

18 Hamza Mohamed iThemba LABS hamza@tlabs.ac.za

19 Manfred Scriba CSIR mrscriba@csir.co.za

20 Morgan Madhuku iThemba LABS madhuku@tlabs.ac.za

21 Nagla Numan iThemba LABS numan@tlabs.ac.za

22 | Nolufundo Sintwa

23 | Patricia Kooyman UcCT patricia.kooyman@uct.ac.za

24 Rashidah Akoba iThemba LABS rakoba@tlabs.ac.za

25 | Tjatji Tjebane Necsa SOC Ltd tjatji.tjebane@necsa.co.za

26 | Tshepo Ntsoane Necsa SOC Ltd tshepo.ntsoane@necsa.co.za

27 | Mkuruma

28 | Balla Diop Ngom Université Cheikh Anta bdngom@gmail.com

Dian de Dakar_Senegal

29 | Amani Gabriel Kaningini

30 | Zakhele Khumalo iThemba LABS zakhele@tlabs.ac.za

31 | Zerfie Marshet iThemba LABS zmarshet@tlabs.ac.za

32 | Aiman Bashir UwWcC

33 | MeresaGirmay Tsegay | G0 b taBs

34 sandrine Kamdoum iThemba LABS snoukelag@tlabs.ac.za
Noukelag

35 | Nene Tandjigora iThemba LABS ntandjigora@tlabs.ac.za

36 Muneer Sakildien iThemba LABS muneer@tlabs.ac.za

37 | Sifundo Binda iThemba LABS sbinda@tlabs.ac.za

38 | Chester Kotsedi iThemba LABS kotsedi@tlabs.ac.za
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Table A2.21:List of participants with "Neutrons for Life Sciences and Biology" mini-symposium, 19 January 2021.

No. | Name Institute email

1 Peane Maleka iThemba LABS pmaleka@tlabs.ac.za

2 Andrew Venter Necsa SOC Ltd andrew.venter@necsa.co.za
(Presenter)

3 Robert Nshimirimana Necsa SOC Ltd robert.nshimirimana@necsa.co.za

4 Maria Papathanasopoulos Wits Maria.Papathanasopoulos@wits.ac
(TC) .za

5 Zoe Fisher (Presenter) ESS, Sweden zoe.fisher@esss.se

6 :\I/J;ra;tjnter) Cardenas (S'\\f/Zierﬁ) University, Marite.cardenas@mau.se

7 Peter Moody (Presenter) EJUKr;iversity of Leicester, peter.moody@Ie.ac.uk

8 Stanley Makumire UCT stanmakster@gmail.com
(Presenter)

9 Deon Marais Necsa SOC Ltd Deon.Marais@necsa.co.za

10 | Christo Raaths Necsa SOc Ltd christo.raaths@necsa.co.za

11 | Rudolph van Heerden Necsa SOC Ltd rudolph.vanheerden@necsa.co.za

12 | Gavin Owens (Presenter) | (WITS, SA) Gavin.Owen@wits.ac.za

13 | Celiwe Nkosi Necsa SOC Ltd Celiwe.Nkosi@necsa.co.za

14 | Frank Gabel (Presenter) (Sltr:fjtcltt::aIefj(:ranlldogle frank.gabel@ibs.fr

15 | Tjatji Tjebane Necsa SOC Ltd tjatji.tjebane@necsa.co.za

16 Luke Norton Inorris@Inorris.org

17 | Trevor Sewell (Presenter) | (UCT, SA) Trevor.Sewell@uct.ac.za

18 | Trevor Forsyth (Presenter) | (ILL, France) tforsyth@ill.fr

19 | Ezekile Leseyane Necsa SOC Ltd Ezekiel.Leseyane@necsa.co.za

20 | Gerrit du Plessis Necsa SOC Ltd gerrit.duplessis@necsa.co.za

21 Lawrence Norris Inorris@Inorris.org

22 Michael Hartlein ILL, France haertlein@ill.fr

23 | Patricia Kooyman UcCT patricia.kooyman@uct.ac.za

24 | Pelonomi Ramatlhatse Necsa SOc Ltd zelonomi.Ramatlhatse@necsa.co.z

25 | Siyun Su siynsux@foxmail.com
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26 | Thato Sello Necsa SOC Ltd Thato.Sello@necsa.co.za

27 | Tshepo Ntsoane Necsa SOC Ltd tshepo.ntsoane@necsa.co.za
28 | Wolf-Dieter Schubert uP Wolf-Dieter.Schubert@up.ac.za
29 | Yasien Sayed Wits yasien.sayed@wits.ac.za

30 | Justice

31 | Abidemi Paul Kappo uJ akappo@uj.ac.za

32 | JanRijn Zeevaart Necsa SOC Ltd janrijn.zeevaart@necsa.co.za
33 | Dr. Pree

34 | John Helliwell

35 | TimEgan UcCT timothy.egan@uct.ac.za

36 Nsovo Sono Necsa SOC Ltd Nsovo.sono@necsa.co,za

37 | Andy Buffler UCT, andy.buffler@uct.ac.za

38 | Philip Pare Necsa SOC Ltd phillip.pare@necsa.co.za

39 | Jacques Richter Necsa SOC Ltd jacques.richter@necsa.co.za
40 | Christine Darve ESS, Sweden christine.darve@esss.se

41 | Danie Buys Necsa SOC Ltd danie.buys@necsa.co.za

42 | Ed Rybicki UCT ed.rybicki@uct.ac.za

43 | Catharine Esterhuysen us ce@sun.ac.za

44 Daouda Traore ILL traored@ill.fr

45 Priscilla Masamba uJ presh4u@rocketmail.com
46 | Andrew Rabagliati UCT andrew.rabagliati@uct.ac.za
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