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Common characteristics of
National Research Facilities

– They are the only facilities of their kind in South  
Africa

– Owing to high capital cost, they could not be 
duplicated

– Largely reliant on state funding
– Primarily involved in basic research and serve a 

user community in universities
– Users make hands-on use of the facility
– Significant international collaboration
– NRF holds assets in trust on behalf of all users 



Themes for 
this presentation

• A tradition of technology achievement in our 
Nuclear Cluster

The South African nuclear research industry

• Geography, Astronomy and Space - An unusual 
competitive advantage

Using natural endowments

• Big Scale Biology - This planet has no idea that 
we live in different countries

“Its about biodiversity ……”



iThemba
Laboratory for Accelerator Based 

Sciences

a strong track record of science and technology ach ievement



Accelerators in 
South Africa
Accelerators in 
South Africa
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Electronic and Information ServicesElectronic and Information Services

Accelerator Infrastructure

Directorate

HR, Finance & General Admin

Engineering Support & Site Services
R

adiation T
herapy

R
esearch

Isotope production

Outreach

iThemba LABS



Basic Infrastructure 
at iThemba LABS

• 200-MeV Separated Sector Cyclotron (SSC), two injec tor 
cyclotrons (SPC1, SPC2) and a 6-MV Van de Graaff acc elerator

• X-ray diffractometer (XRD); a HI-ERDA (heavy ion ela stic recoil 
detection analysis- materials research) and AFM (ato mic force 
microscope) surface imaging and nano-lithography

• iThemba LABS houses the only high resolution magneti c 
spectrometer (K600) in the world for measurements w ith proton 
energies in the 66 – 200 MeV range. 

• AFRODITE gamma-ray detector to study the shapes of atomic 
nuclei. 

• iThemba LABS houses the only PEPT-facility in the So uthern 
hemisphere which images positron emission to study the 
behaviour of a single particle. 

• Most of the infrastructure available was developed / built in-
house and full service electrical, mechanical, mecha nical, design 
workshops are present



Research- topics available 
for study at iThemba LABS

Nuclear Reactions

•Fusion Barriers & Intermediate mass fragment produc tion –

•Properties of NN interaction 

•Pre-equilibrium reactions 

•Neutron cross sections

Nuclear Structure

•Giant resonances, level structure of exotic nuclei;  

•Exotic excitation modes; Mixed Symmetry states; 

•Giant Pairing vibrations; Stretched states 

•Exotic nuclear shapes and nuclear symmetries – hyper  deformed,
super deformed, tetrahedral shapes; chiral, sheers b ands etc

•Lifetime measurements - short lifetimes

•Spectroscopy of neutron rich nuclei

•Clustering in nuclei



Radionuclide 
production for the world

• 67Ga citrate: malignant lymphomas, malignant melanoma, lung carcinomas, 
and indications in infections 

• 123I solution for injections: non-invasive investigations of thyroid 
abnormalities

• 123I capsules: thyroid abnormalities

• 123I[MIBG] : neuroendocrine tumors and myocardial conditions

• 81Rb/81mKr generators: lung ventilation studies

• 18F-FDG: glucose metabolic studies (PET)

• 68Ge/68Ga generator: neuroendocrine tumours
• 22Na; 22Na positron sources: Only producer in the world, 68Ge: for PET 

CT scanners, and 82Sr: (PET); 88Y and 109Cd on special request. 



Neutron and Proton 
radiotherapy

•Treatment from 1989 with neutron therapy; proton th erapy on 200 MeV
beam in 1993

• Facilities planned to provide for research in scien ces and medicine

• Only hadron therapy centre in Africa and in the Sout hern Hemisphere.

• Only centre in the world where treatment with both high-energy neutrons 
and protons

•Clinical trials, including treatments of tumours of  the head and neck

• Unique opportunities for research, training of medi cal physicists, 
therapy radiographers, oncology nurses and post-gra duate students



Core competencies
at iThemba LABS

iThemba LABS provides highly specialised facilities and 
skilled scientific and technical personnel for rese arch, 
development and training in pure and applied sub-
atomic sciences and associated technologies. 

• Fundamental studies of nuclear phenomena; 
• Applications of ion beams in materials research;
• The production of radionuclides; 
• Radiation biology and particle therapy; medical phy sics; 
• Atomic mass spectroscopy and environmental isotope studies.
• 27-bed hospital where cancer is treated using proto n and neutron beams.

• Spelialised detectors and spectrometers for use in 
experiments in nuclear physics .



International Collaborations
at iThemba LABS

– Multi-lateral Institutions:

• CERN & JINR (Dubna)
• CERN

– Beam Development

– Collaborations through bilateral Agreements 

– Long-standing agreements that are self funding; 
i.e. through own research grants or other sources. 



� Radiobiology
� Radiobiology research for radio-surgery: Applicatio ns using high energy 
proton beam at iThemba LABS. Prof John Gueulette, Un iversité Catholique
de Louvain (UCL), Louvain-la-Neuve, Belgium. – Funde d by UCL.

� Bio-monitoring radiation workers and molecular radi ation biology. Prof 
Anne Vral, University of Ghent, Belgium.  - Funded b y Flemish 
Interuniversity Council (VLIR). 2006 – 2011.

� New Grant Application submitted to VLIR for Capacit y building in 
Radiation Biology. Prof Vral University of Ghent, Be lgium, 2011 – 2015.

� Accelerator Physics
� Germany, 

� FS Jülich – Longstanding funded agreement – Beam Diagn ostics, 
magnet design

� Helmholz Zentrum, Berlin – donated ECR ion source, RF Q accelerator

� Hungary,  ATOMKI – Bilateral – Accelerator Control Sys tems

� Switzerland, Paul Scherrer Institute – Magnet design ( Ongoing)
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� Radio-isotope Production
� Hungary: Targetry, Reaction cross-section
� PSI, Switzerland– radio-labeling 

� Nuclear Physics
� Hungary – ATOMKI – bilateral – loan of particle detecto r array 
� Germany – TU Darmstadt, longstanding research collab oration, 

funding from DFG for Spectrometer development 
� CRS, France - bilateral – Nuclear Shapes
� CERN – Member of SA/CERN prorgamme – Collaboration on 

ALICE at LHC
� CSNSM, Orsay – former bilateral – obtained electron 

spectrometer on long-term loan
� University of Milan – longstanding research collabor ation –

contributed research equipment
� EARTH Foundation, Netherlands – Direction sensitive neutrino 

detectors
� Germany, PTB – neutron dosimetry, contributed detect ors
� Japan: Longstanding: development of zero degree lin e

International Collaborations (3)



� Materials Research 
� SOLEIL – synchrotron light source – user
� Poland – funded bilateral – Hyper accumulating plants , 

bioremediation
� U. Le Mans, France – Funded bilateral – Materials eng ineering
� ICTP, Trieste – Funding for Nanoscience network
� MINATEC and INPG, Grenoble – nanotechnotogy strategic  

partnership
� IAEA, 2 Coordinated Research Programmes (stopping po wer 

measurements + ?) 

� Hadron Therapy
� Germany, U. Essen – collaboration on neutron therapy
� Germany, DFKZ, Heidelberg – Treatment Planning syste ms
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SA is a gateway to allow SA is a gateway to allow 
access for the continent to CERNaccess for the continent to CERN



Flagship Research Project

The use of radioactive ion beams 
for nuclear physics 

–

investigating terra -incognita



“TERRA INCOGNITA”

REQUIRES RADIOACTIVE BEAMS and PARTNERS!

The Shell Model of the 
Text Books is wrong!



The Astronomy / Space 
cluster

EXLPOITING THE GEOGRAPHIC ADVANTAGE 
OF 

SOUTH AFRICA

• The Southern sky
• Radio-quietness and favourable climatic and space 

conditions
• Darkness
• The Southern Ocean
• (Cradle of humankind)
• (Biodiversity)
• etc



Astronomy Geographic 
Advantage Act

• Act of parliament sponsored by the DST for legal 
and administrative provisions in support of 
protecting the geographic advantage areas

• Astronomy reserve established
• Cooperation expected from “team South Africa”
• Management authority (monitoring violations) to 

be established
• Technology solutions for any disadvantage to 

inhabitants (RFI and light pollution)
• Collateral benefits programme
• Positioning for a win in the SKA bid



The Astronomy / Space 
cluster

• Hartebeeshoek Radio Astronomy Observatory (HartRAO)
Radio astronomy, Geodesy, Laser Ranging, KAT/SKA 

• South African Astronomical Observatory (SAAO) 
Optical astronomy, astrophysics, SALT

• Hermanus Magnectic Observatory (HMO)
Geomagnetism, calibrations, gyroscopes, space weath er,
GPS reference system, Antarctic, 



HartRAO / KAT



The centrality of 
HartRAO



HartRAO
Major Foreign Collaborations

Space Geodesy

International VLBI Service for astrometry and geode sy (IVS) 
– precise absolute position determination – ICRF + IT RF +  
Hartebeesthoek94 datum (Surveys & Mapping) 

CONT08 15-day continuous VLBI in 2008



HartRAO
Major foreign collaborations

Satellite Laser Rangers in the ILRS



SAAO exploiting perfect 
conditions for optical astronomy

Africa at Night South Africa at Night

Sutherland, Northern Cape province



SAAO’s primary research 
tool SALT

• optical, infrared 
astronomy and 
astrophysics 
research

• SAAO operates 
SALT on behalf 
of a globally 
distributed, 12-
member 
consortium for 
which SAAO is 
the leading 
organisation



HMO

The National Earth-Space Physics Facility
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Gough Island
40.0°S, 10.0°W

Marion Island
46.87º S, 37.86ºE

SANAE IV
72.0°S, 2.5°W

Hermanus
34.42°S, 19.22°E

Space Physics Research Areas
• Geomagnetism incl SAAnom
• Atmospheric Phys
• Ionospheric Phys
• Magnetospheric Phys
• Theoretical Phys

HMO positioning to exploit a 
geographic advantage

•Magnetically clean environment

•Proximity to the Southern Ocean (South Atlantic Ano maly)

•Equipment in South African Territories in South Atl antic

•Base in the Antarctic



HMO Core Functions

• Monitoring the Earth- Space           
system
• Distributing data on the system
• Creating new knowledge on the 
system
• Developing human capital

Space Physics Research

Technology

• Advanced & customised 
system solutions
• Innovative product design & 
integration
• In-service training 

Sci Outreach & Advancement
• Getting the youth into science
• Enhancing science learning
• Increasing science awareness 
& interest among the public 
• Changing lives & transforming 
society

Central Theme



Current GPS Receiver s, Geomagnetic and Ionosonde Infrastructure  

Ionosonde stations 

HartRAO IGS GPS stations  

CDSM GPS stations 
Geomagnetic Observatories 

Geomagnetic Field Surveys 

Observational Network: HMO and partners



Antarctic Space Physics

- geographic adv.
• Strategic importance

- only African country 
with a base

- SANSA
- SAEOS
- GEOSS

• Increasing responsibility



1. Earth-Space System 
Monitoring & 
Research

2. Earth-Space System 
Data Distribution & 
Space Weather Data, 
Services & Products

Measuring of the pulse of the Earth-
Space environment 

� We provide a systematic, 
comprehensive (geographically wide, 
multi-layered) & sustained Earth-Space 
system monitor

� We provide high quality Earth-Space 
system data

� We provide state-of-the-art research and 
training platform

� We want to be a hub for Earth-Space 
system monitoring in Africa for the 
benefit of the continent

Space Physics 
Research at HMO



1. Earth-Space System 
Monitoring & 
Research

2. Earth-Space System 
Data Distribution & 
Space Weather Data, 
Services & Products

� Global advancement of Earth-space 
research

� Conversion of Earth-space data to 
information through value-addition 
processes

� Space weather forecasts & hazard 
mitigation

� Design,  deployment,  operation & 
maintenance of space system 

� Compensation or correction of space-
induced inaccuracies

� Post-analysis of failure of space 
technology



INTERMAGNET
ISES RWC

WWLLN

DIDBase

ISES RWC

Global
Data
Services

HMO
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Sources of Magnetic fields
Permanent-, Induced Magnetism 
and DC Currents

The magnetic sensor 
measures the Geomagnetic 
field (both main field and 
variations) as well as the 
magnetism of the platform

Magnetic sensors on 
dynamic platforms



Design and 
construction of
non-magnetic tripod 
and slider 
for Landing 
compasses

Compass swing procedures 
for AGUSTA LUH helicopter

Support with the 
placement 
of a magnetic heading
sensor on a precision 
guided munitions 
system 

HMO Magnetic sensors on 
dynamic platforms



Fluxgate and other magnetometers
(DC and AC)

Aircraft Landing
compasses

Magnetometer-based Systems:
Calibration procedures / jigs for 
systems
(SKUA High speed target drone)

HMO Calibration 
services



Large 3-axis Helmholtz coil system 
for magnetometer / system 
calibrations 

Coil calibration facilities



(i) Magnetic and electrical field signature management 

Magnetic sensor (AC + DC), 
Electric Field sensor (AC + 
DC),
Acoustic and
Pressure sensor

HMO/SAN System Support 
Centre Services

(ii) Maintenance of Degaussing systems onboard vessels

(iii) Compass adjuster support

(iv) Cathodic protection against corrosion

Typical damage of ship’s rudder 
due to corrosion 



• Maintenance and calibration of Landing compasses

• Magnetic survey of compass swing areas

• Presentation of technical training courses

• Support during problematic compass swings

Compass swing of 
ORYX helicopter

Training to users with regard 
to the proper use of Landing compasses

Magnetic navigation ground 
support for the SAAF
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Unmanned aircraft

Digital Signal Processing



1st KAT 
Dish

Acacia 
Astronomus



SA SKA RFI measurement 
site - team South Africa

RFI 
engineers

Security
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The first and only radio The first and only radio 
telescope array in the world telescope array in the world 

consisting of composite consisting of composite 
antennasantennas



BIODIVERSITY NATIONAL 
FACILITIES

____________________________

BREAK?



National Facilities
The Biodiversity Cluster 
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SAEON

NZG



South African Institute for 
Aquatic Biodiversity



SA Institute for Aquatic 
Biodiversity (SAIAB)

• The SAIAB’s research scope spans aquatic biodiversity from genes 
to ecosystems 

• Disciplines include systematics and taxonomy; phylogenetics and 
phylogeography; ecology; physical and biological oceanography; 
marine palaeo-climates; remote sensing; coastal biodiversity; 
conservation planning; environmental education; and deepwater 
biodiversity



GeneticsGenetics

SpeciesSpecies

SystemsSystems

SystematicsSystematics BiodiversityBiodiversity

ConservationConservation

SAIAB Research Focus AreasSAIAB Research Focus Areas
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International Connections
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Platforms - Collections

• National Fish Collection
� largest in Africa – 90,000 lots
� World sector for southern Africa 

• National Diatom Collection
� Acquired from CSIR 2009
� Housed at NWU

• Amphibian collection
� Initiated by community request

• Molecular tissue bank
• Molecular Preparation Laboratory



X-Ray for better classification 
of marine species

�� "�����	
6"�����	
6 77+��
��
$������

�
���
�8*8+��
��
$������

�
���
�8*8



Platforms – Marine
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ACEP II - Structure
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AFRICA - Fish Barcode of Life 

project (FISH-BOL)
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•SA/MOZAMBIQUE: Modelling the effects of climate 

change on shared fisheries species

•Genetic studies of connectivity, differentiation 

and the biogeography of WIO marine fish species

•SA/Netherlands: Assessing impacts and 
benefits of alien fishes SA: Systematics and anti-fr eeze biology of

sub-Antarctic notothenioid fishes

•Genetic structure and stock delineation in two 

commercially-important inshore fish species 

(bronze bream and black musselcracker)

•Ecological consequences of alien fish invasions



SA Environmental Observatory 
Network (SAEON)

• SAEON draws on research competencies in hydrology, water 
quality, eco-physiology, soil sciences, conservation biology, botany, 
zoology, marine sciences, limnology, climatology and meteorology, 
fresh water ecology, human ecology, environmental information 
systems, palaeo-ecology, biogeography, pollution and 
environmental modelling.



MISSION

- Drive long-term environmental observation and 
research 

- Promote access and use of quality long-term 
environmental data for research and policy-making

- Promote environmental science as a career and a 
social value
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VALUE 
PROPOSITION

� Provides data & information that society requires to 
improve current situation & plan for future prosperity

� Develops new protocols & methodologies & fine-tunes 
existing ones thereby increasing their value delivery

� Provides excellent framework for coordination of 
environmental research programmes

� Provides research infrastructure to local &  
international research communities

� Ensures that data from research projects is not lost at 
the end of projects

� Provides synoptic view – covers all bio-regions in SA



THE NODES

� Nodes are the science operating/business units

� One each in main eco-regions of the country
� Main functions

- Research & education platforms
- Information management hubs

- Planning & coordination of site, ecosystem and 
landscape level research
- Synthesising research results within eco-region

- Implement science education & outreach
- Community engagement



STRUCTURE

SAEON Ndlovu Node

(Savanna)

Grasslands-
Forests-
Wetlands

SAEON Fynbos Node
(Mediterranean)

SAEON Egagasini Node
(Marine-Offshore)

SAEON Elwandle Node
(Coastal-Inshore)

Arid Lands

National Office



PUBLISHED CORE SCIENCE FRAMEWORK

SCIENCE SCIENCE 
LEADERSHIPLEADERSHIP
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MAJOR SCIENCE 
PROJECTS

• Elwandle & Egagasini nodes: Understand ocean dynamics & their 
influence by the Agulhas Current & the links between coastal & 
offshore waters

• Elwandle node : Development of a national protocol for marine reefs 
& artificial focusing on biodiversity, food webs & fisheries

• Grasslands & Fynbos: Develop broad understanding of impact of 
global change on water resources & ecosystems 

• Fynbos: Assess & monitor impact of urban development on the 
deposition of nitrogen & other nutrients on Fynbos

• Long-term vegetation change: Determine extent to which 
vegetation has changed as a result of livestock ranching.

• Argo Float Array: Egagasini: To continuously monitor the 
temperature, salinity & velocity of the upper  ocean

• Comparative ecosystem services assessment – Fynbos: To 
compare the ecosystems services associated with LTER sites around 
the world



National Zoological Gardens 
of SA (NZG) 

• The NZG represents a Science Advancement platform that 
enhances and augments knowledge, particularly knowledge related 
to conservation.

• Furthermore, the research component provides the basis for the 
development of the next generation of biodiversity conservation and 
conservation medicine scientists that will generate new knowledge 
required for managing wildlife biodiversity and its conservation.



Research strategic framework

The NZG Research Strategic Objective  and 
purpose statement:

We will build a centre of excellence in 
conservation biology, biodiversity and 

conservation medicine research, focusing on 
African wildlife and working at the ex-situ/in-

situ interface



NZG Research Structure



Scientific services



Structural organisation



Structural organisation



Structural organisation



Structural organisation



Structural organisation



Thank you



• WHY DOES AN AFRICAN COUNTRY 
INVEST SCARCE RESOURCES IN 
LARGE SCIENCE PLATFORMS?

• ARE THERE ANY BENEFITS TO THE 
SA-EU RELATIONSHIP?



83

Towards a Knowledge 
Economy 

Source: DA King, Nature 430 (2004) 311 (15 July 200 4)

Sustainable wealth



Drivers of Economic Drivers of Economic 
CompetitivenessCompetitiveness

• Drivers of competitiveness:
– Investing in human beings is the best way to enhance productive 

capacities – profits and efficiencies 
(Riane Esler  2007 – The real wealth of nations)

• Economic studies indicate that even before the IT revolution as much as 85% 
of measured US growth per capita was due to technological change (US 
National Academy of Science)



The Global Hunt for TalentThe Global Hunt for Talent



1. Rising above the gathering storm, U S Nat. Acad.  Sci.  (2007)
2. The race to the Top, Sainsbury Report, UK (2007)
3. Mobilizing Science and Technology to Canada’s ad vantage, Canadian 

government (2007)

The Global Hunt for TalentThe Global Hunt for Talent



Conclusions

• South African National Research Facilities play an 
important role in training of the next generation of a 
knowledge-based workforce

• Global standard in scientific rigour and quality of 
infrastructure

• Support for exploiting the various geographic 
advantages

• Very strong international collaborative networks
• An opportunity for SA and Europe to strengthen 

science and technology cooperation
• Various opportunities for direct economic cooperation 

in revenue generation based on oligopolistic 
opportunities



Opportunities for SA-EU 
scientific cooperation

• DST 210 research chairs - international applicants 
welcome (5yrs renewable to 15yrs)

• SKA research chairs
• Bilateral exchange scholarships
• NFs collaboration fund
• SKA calls for proposals
• Project-level collaboration
• PPP opportunity

• Brain Circulation
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