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Abstract
 At A Fundamental Level, Our Understanding Of The


Physics And Engineering Technology Which Governs The
Construction And Operation Of Various Types Of
Accelerators Is Very Good And Has Resulted In The
Development Of Many Practical Applications Ranging
From Basic Research In High Energy Particle Physics To
Oncological Treatments In Humans To The Irradiation Of
Food.


 However, It Is Also True That Our Understanding Of How
To Create, Utilize, And Incorporate Nuclear And
Accelerator Based Methodologies Which Are Operationally
Inexpensive, Compact In Size, But Yet Application-
effective, Will Clearly Require Much More Effort In The
Future. In Addition, Even For Those Current Applications
Which Are More Or Less Tested And Proven Such As
Proton Therapy, The Requisite Associated Supporting
Infrastructure (Administrative/Governmental, Hardware,
Software, Educational, And Computational) Is Not
Generally Available Or Affordable To Many Member States
On A Sufficient Consistent Basis.
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Abstract (continued)


 In this presentation, we provide an overview of issues
associated with the enhancement of nuclear and
accelerator science education and training with an
emphasis on internet–computer-computational related
ways which show promise in not only definitively
increasing the quantity and quality of people who could go
on to become professional well-trained experts, mentors,
and researchers in their own right, but who could also
constitute the future highly skilled personnel foundation
for promulgation of their knowledge to others.
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PRESENTATION OUTLINE
 Generic Accelerator Types


 Accelerator Applications—Basic Research and 
Practical
 Particle Beam Related
 Light Source Related


 Requisite Supporting Infrastructure for Effective” 
Accelerator Research and Application Usage 
 Governmental
 Administrative
 Hardware-Based 
 Software-Based 
 Educational
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Generic Accelerator Types
 Electrostatic
 Cockcroft-Walton
 Van de Graaff


 Induction
 Induction LINAC
 Betatron


 Radio-Frequency (RF)
 LINAC
 Quadrupole (RFQ)
 Cyclotron
 Isochronous
 Synchrocyclotron


 Microtron
 Synchrotron


 Colliders and Storage Rings
 Synchrotron Light Sources
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Accelerator Applications—Basic 
Frontier Research Using Beams


 Particle and Nuclear Physics-
-Large Hadron Collider (LHC), 
at CERN, in Geneva, 
Switzerland
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Accelerator Applications—Basic 
Frontier Research Using Beams


 Particle and Nuclear Physics-
-Large Hadron Collider (LHC), 
at CERN, in Geneva, 
Switzerland


SCHEMATIC OF LHC 
EXPERIMENTS
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Particle Beam Fundamental Constituents
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Particle Beam Fundamental Constituents


9







Accelerator Applications—
Using Beams


EXAMPLE:  PROTON and NEUTRON THERAPY
(iThemba LABS)
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SOME RADIOISOTOPE PRODUCTION TARGETS
(iThemba LABS)
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Accelerator Applications—
Synchrotron Light Sources


 Synchrotron 
Radiation


E


B


e-
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DIPOLE RADIATION PATTERN
NON-RELATIVISTIC
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RADIATION PATTERN FOR A 
RELATIVISTIC PARTICLE


For the acceleration of the relativistic particle:
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EXAMPLE: 1 GeV ELECTRON


TYPICAL OF SYNCHROTRON LIGHT SOURCES
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CONSIDER ACCELERATION 
ALONG CIRCULAR PATH


Peaking of radiation along       s still observed.
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FOR ELECTRONS, LINEAR IS 
BETTER!


 Synchrotron radiation power due to linear 
acceleration


(Independent of particle’s energy)
 Synchrotron radiation power due to circular 


(transverse) acceleration 
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Ratio of Power Radiated to Power Supplied 
for Linear Acceleration


 Negligible unless electron losses rest mass within a distance of its classical 
radius.


 Corresponds to 2x1014 MeV/meter.


 State of art dE/dx ~ 10-100 MeV/m.


 Radiation losses are negligible when linearly accelerating either an electron 
or proton beam.
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WHAT ABOUT PROTON 
CIRCULAR ACCELERATORS?
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An Epiphany!
 Someone recognized that the photons being discarded by an 


electron beam could be useful for irradiating targets.


 High energy and nuclear physicists started performing their 
usual experiments while others parasitically used the X-Rays 
produced at the bending magnets. (1st generation 
synchrotron light sources)


 Then physicists and engineers began building accelerators 
dedicated entirely for X-Rays from the bending magnets. (2nd


gen.)


 To increase the number and variety of X-Ray beams, 
scientists started installing insertion devices: Pioneered by 
Herman Winick et al. at Stanford Linear Accelerator Center 
(SLAC) (3rd generation)
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GOOD NEWS!


Radiation in synchrotrons spans the 
region of the electromagnetic spectrum 
from the infrared to hard X-ray regimes.


Precisely what is needed to pursue a 
variety of studies, including materials,
protein structure, chemistry, and even
industrial applications.
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ADVANCED PHOTON SOURCE 
(APS) ARGONNE NATIONAL LABORATORY
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APS BEAMLINES
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Other Applications
 First, we must state that there are many, many extremely 


important accelerator applications, facilities, and proposed 
facilities which we have either not discussed at all or just 
touched upon in this talk for reasons of brevity.  They 
include:


 Dielectric Wall Accelerators (DWA) for use in Compact 
Proton Therapy;


 Further development of Superconducting Synchrotron Proton 
Beam Radio-Therapy (PBRT);


 Next Generation Light Sources (Self-Amplified Spontaneous 
Emission Free-electron Lasers [SASE-FELs]) and their 
applications;


 The African Laser Centre (ALC) has been adopted by the 
New Partnership for Africa's Development (NEPAD) as a 
Center of Excellence where one of its long-term goals is to 
assist in bringing advanced light sources to Africa: FELs, 
petawatt lasers, and synchrotron light sources;
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Other Applications (continued)
 Femtosecond Chemistry (From the Linac Coherent Light Source (LCLS))


 Chemical reactions between small molecules are by nature
ultra-fast, but the time sequence of these reactions can be
captured with the ultra-fast pulses of SASE-FELs.


 Photosynthesis involves such ultra-fast reactions. A better
understanding of photosynthesis has implications for future
energy sources and for agriculture, which will be important
for Africa.


 Possibility to intercede during chemical reactions to produce
novel compounds.
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Other Applications (continued-1)
Nanoscience/nanotechnology (LCLS)
 Modern technology (electronic devices, computer chips, and


liquid crystal displays on watches) uses nanoscale materials.


 Those materials consist of simple constituents arranged in
complex man-made ways, all on a very tiny scale.


 Often, what is interesting about these molecules is that they
change with time in a useful way. (For example, the
molecules in a LCD display change their alignment,
dictating which numerals appear on the face.)


 How those states change and how the change is induced can
be better studied with the ultra-fast X-Ray pulses from
SASE-FELs.


 As technological devices continue to get smaller and faster,
better understanding such nanoscale processes will help to
build better technology.
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Other Applications (continued-2)


 Biological Systems (LCLS)
 Using x-rays to study the atomic structures of biological 


molecules such as proteins has turned out to be invaluable 
for understanding their roles in life processes;


 Often, the atomic structure of a molecule is crucial to its 
biological activity; 


 Nowadays, drug molecules can be created to fit the shape of 
certain human biological molecules and thereby deliver 
their effect in a very specific way;


 This is only possible with the knowledge of the structures of 
the molecules, most often obtained from synchrotron 
radiation studies; 


 But the X-Ray diffraction process used to study molecular 
structure has its limitations; the radiation quickly destroys 
the molecule being studied; 
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 Biological Systems (LCLS)
 Researchers have found a way to work around this 


destruction: molecules like proteins are formed into 
crystals (containing millions of neatly ordered, identical 
copies of the molecule) so that many molecules are 
simultaneously examined, thus spreading the radiation 
damage around;
 Though this technique has been extremely useful, the 


crystals are often very difficult to create, and with 
many molecules, it may be impossible; 


 But SASE-FELs offer another way to work around the 
radiation damage problem: the extremely bright  and 
ultra-short x-ray pulse can give a picture of just several 
hundred molecules nearly instantly, before they are 
destroyed, so that the molecules can be studied in their 
normal wet environments and no crystallization is 
necessary. 


Other Applications (continued-3)
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Other Applications (continued-4)


Materials for Mid-IR Quantum Cascade Lasers (QCLs) 
and Sensors
Anthony M. Johnson, UMBC
Director, Center for Advanced Studies in Photonics Research (CASPR)
Prof. of CSEE and Physics
MIRTHE Deputy Director 
Novel Mid-Infrared Materials Research Thrust Leader


• Compare and optimize growth of superlattices, QC lasers and structures and QW infrared 
photodetectors (QWIPs)
• Push the limits on material quality by careful study of essential growth parameters in close 
feedback with refined materials characterization techniques


- Optical and ultrafast optical spectroscopy – Near-IR and Mid-IR (UMBC)


NSF Engineering Research Center – Mid-Infrared Technologies for Health and the 
Environment (MIRTHE)
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What / Who is MIRTHE ?
 World-class, interdisciplinary team of engineers, chemists, 


physicists, environmental and bioengineers, medical doctors, and 
educators, in academia and industry


 Research, development, and technology transfer to industry of 
unprecedented mid-IR (3 – 30 µm) optical trace-gas sensing 
systems for environmental applications , homeland security, and 
medical applications. 


 Formation of a vibrant community for learning and teaching, 
providing the best education with interdisciplinary breadth for a 
new generation of highly educated, practice-oriented, competitive, 
and diverse U.S. workforce.


Goals:


Other Applications (continued-5)
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Other Applications (continued-6)


 Light-Ion and Hadron Radiation Therapy


 Treat cancerous tumors by bombarding them with 
protons or heavy charged ion beams;


 Very good results obtained by groups worldwide 
including iThemba Labs, Europe and Japan 
(carbon ions); 
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EBASI 
RECOMMENDATIONS—The Future
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Governmental and Administrative Infrastructure 
Requirements 


 Mission Statement Which Enunciates Succinctly And 
Clearly What The Organization Wishes To Accomplish.


 Accessible Information Which Provides One With An 
Idea As To The Interdependencies Of The Organization 
With Its Local Or Other Governing Bodies As Well As Its 
Basic Organizational Structure.


EBASI 
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Hardware-Based Infrastructure Requirements 


 DON’T RE-INVENT 
THE WHEEL
 Emulate The One-laptop-per-


child Computer (OLPC) Project.
 Partner With Existing 


Organizations To Scale Such 
Hardware To The Level Where It 
Can Support Browsers Which 
Then Allow One To Utilize The 
Internet.


 Create Machines Which Are 
Suitable For Research And On-
line Education (Wireless)


 Hardware Scale-ups Should 
Support Several Available Open-
source Computational And 
Publishing Software.
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Software-Based Infrastructure Requirements 
 DON’T RE-INVENT THE WHEEL


 Emulate/Partner with The One-laptop-per-child 
Computer (OLPC) Project in order to create 
machines which are suitable for research and on-
line education (wireless)


 Partner With Existing Organizations To Scale Such 
Software that It Can Support Browsers Which Then 
Allow One To Utilize The Internet wirelessly.


 Software Should Support Open-source 
Computational And Publishing Software such as 
AXIOM, MiKTeX, Ghostscript, etc..
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Education Infrastructure Requirements 
 DON’T RE-INVENT THE WHEEL


 Emulate/Partner/Collaborate With Organizations Which 
Already Have Experience In Delivering And Disseminating 
Educational Material Via The Internet At Affordable Prices.  
Such A Company Might Be WebAssign© (Associated With The 
North Carolina State University System) 


 Partner With Existing Organizations To Scale/Create 
Software Browser Interfaces Which Then Allow One To 
Utilize The Internet Wirelessly For Computations Which 
Could Even Be Performed Remotely And/Or Modularly.


 Software Should Support Open-source Computational And 
Publishing Software Such As AXIOM, Miktex, Ghostscript, 
Open Office.


 One Would Now Have Available Access To Extensive 
Scientific and Mathematical Databases (Open-Access 
Publishing) Such As arXiv.Org (Now At Cornell University , 
Formerly At Los Alamos National Laboratory, Often Contains 
Preprints Which Are Essentially Identical To Their Published 
Counterparts).
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What is WebAssign©?
(Note:  We have no business/financial connection at all with WebAssign©, it is used as a model 
which meets most of the EBASI  criteria for the enhancement of nuclear science education and 


training in all Member States and in particular developing countries)


 Hosted on-line homework/assessment system accessible 
through browsers;


 Textbook (e-book as well is possible) database of 
algorithmically randomized pre-coded (one may create one’s 
own as well) problems/solutions with or without individual 
student real-time response;


 Assignments, progress assessment, exams 
(automatic/manual), labs, on-line posts for student access 
with automatic or instructor scoring.
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REFERENCES
 EBASI


 http:// EBASI.org
 Classical Electrodynamics


 J. Jackson, John Wiley & Sons Publishers


 Particle Accelerator Physics I and II
 H. Wiedemann, Springer Publishers


 Handbook of Accelerator Physics
 A. Chao and M. Tigner, World Scientific Publishers


 Accelerator Physics
 S. Y. Lee, , World Scientific Publishers


 Radiation Therapy Physics
 W. Hendee, G. Ibbott, E. Hendee, John Wiley & Sons Publishers


 WebAssign© 
 http://WebAssign.net,  Advanced Instructional Systems, Inc.


39







Extra Backup Slides







Dr. Anthony M. Johnson, Director
Center for Advanced Studies in Photonics Research (CASPR)


University of Maryland, Baltimore County (UMBC), USA
2002 President of the Optical Society of America


EBASI Council Member since 1988


Applied Physics PhD student Raymond Edziah, Physics Scholar Exchange student 
from the University of Cape Coast, Ghana presented his research results at this 
year’s prestigious international laser conference known as CLEO (Conference on 
Lasers and Electro-Optics) held in Baltimore, Maryland, USA (May 6 – 11, 2007). This 
conference featured more than 1,500 talks on the latest cutting-edge optics and 
photonics research and Raymond’s presentation was entitled “100X Enhancement of 
the Nonlinear Index of Refraction of Sulfur-Doped CS2 over Pure CS2” He is also in 
the process of submitting a paper for publication while at the same time applying for a 
provisional patent to protect his findings as he proceeds with some further detailed 
investigations and graduation from UMBC with a PhD in 2008.







Mr. Raymond Edziah, Physics Scholar Exchange student from the University of Cape 
Coast, Ghana will complete his PhD in Applied Physics at UMBC in 2008.







Ultrafast Optics & Optoelectronics Laboratory







BIRTH OF ALC


 The ALC was formally Launched in Johannesburg 
at the November 6, 2003, NEPAD Ministerial 
Conference on Science and Technology. 


 NEPAD has adopted the ALC as its Center of 
Excellence in Laser Science and Technology.


 African Ministers of Science and Technology have 
pledged US$20 Million to ALC over next 5 years.
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MEMORANDUM OF UNDERSTANDING 
 


between 
 


THE ABDUS SALAM INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS 
 


and 
 


THE EDWARD BOUCHET-ABDUS SALAM INSTITUTE 
 
 


This Memorandum of Understanding between The Abdus Salam International Centre for 
Theoretical Physics (herein referred to as ICTP) and The Edward Bouchet-Abdus Salam Institute 
(herein referred to as EBASI) is established in order to allow ICTP and EBASI to participate 
jointly in establishing mechanisms for synergistic scientific and technical collaborations among 
physical scientists, mathematicians, engineers, and technologists from America and Europe and 
their counterparts from developing countries, especially Africa. 


 
The collaborative venture established by this document especially provides for comprehensive 
and multi-disciplinary programs designed: (1) To enhance the impact of science and technology 
on the sustainable development of the countries on the African continent; (2) To increase the 
technical manpower pool working in Africa today by facilitating the training and education of 
African graduate students; and (3) To support the further sustainable development of both 
academic and public institutions that focus on physical science and high-technology. 


 
EBASI will realize these goals by strengthening its relationship with ICTP as follows: 


 
 EBASI Council members will continue to develop and establish mutually beneficial 


collaborative affiliations with ICTP scientific sections and their activities; 
 


 EBASI will be provided (where appropriate and necessary) ICTP accounts for the 
deposit of externally secured funds to execute joint programs; 


 
 ICTP will continue to host EBASI Council meetings from time to time as the need 


arises; 
 


 EBASI will have use of the following ICTP office address: 
 


ICTP/EBASI 
Strada Costiera 11 


I-34014 Trieste 
ITALY 
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Specifically, it is the intent that over the next three years (2009 through 2011) EBASI will: 


 
1. Establish research and development collaborations by utilizing its conferences, workshops, 


website and forum, and other electronic means, to facilitate contact between physicists, 
mathematicians, and other scientists and technologists––with an emphasis on those of less 
seniority––from Africa and their counterparts from America, Europe, and other countries; 


 
2. Produce and promulgate articles on EBASI’s history and activities in order to promote the 


work and mission of EBASI and ICTP in African countries; 
 


3. Continue to expand the training of graduate students by dissertation advisors at American 
Colleges, Universities, and institutions; 


 
4. Plan and host—in conjunction with ICTP—Conferences, Workshops, Symposia, and other 


scientific activities. 
 


EBASI––via its Council––will oversee general project operations and ensure that its global 
objectives are achieved. The Council is presently established and governed by an extant 
Constitution, which provides for an Executive Committee to oversee ―day-to-day‖ project 
operations and to ensure that all mission objectives are achieved on a timely basis. 


 
It is the intent of this Memorandum of Understanding that the efforts of EBASI and those of 
ICTP are to be further enhanced and synergistically correlated in the future. 


 
 


 
 


__________________________________ 
Prof. Katepalli R. Sreenivasan, ICTP Director and Abdus Salam Research Professor 


 
February 11, 2009 
______________________ 
DATE 


 
 
 


 
__________________________________ 
Prof. Milton D. Slaughter, EBASI Council Member on behalf of EBASI  


 
February 11, 2009 
______________________ 
DATE 








The Role of ICTP


A  Terse Overview


Edward Bouchet Abdus Salam Institute (EBASI) of The Abdus Salam 
International Centre for Theoretical Physics  (ICTP)


Milton Dean Slaughter, Florida International University, Miami, FL, USA
6 May 2009.  ICTP, Trieste, Italy
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ICTP MISSION


• Foster the growth of advanced studies and research in physical 
and mathematical sciences, especially in support of excellence in 
developing countries;


• Develop high-level scientific programmes keeping in mind the 
needs of developing countries, and provide an international 
forum of scientific contact for scientists from all countries;


• Conduct research at the highest international standards and 
maintain a conducive environment of scientific inquiry for the 
entire ICTP community.
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AFRICA PROBLEM


Present ICTP Science Advancement in Africa  Role Hampered by 
Insufficient Infrastructure Associated 


With:
• Economy and Government Instability
• Healthcare and Epidemiology
• Education
• Science and Technology Development
• Information Dissemination


Above Problems Inextricably Linked
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AFRICA PROBLEM
Economy and Government Instability


• Very Regional  and Country Specific


 Difficult to solve
 Historical precedents set a high bar for solvability


• Global Economy Dependence
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AFRICA PROBLEM
Healthcare and Epidemiology


• Very Regional  and Country Specific
 Difficult to solve
 Historical precedents set a high bar for solvability


• Global Economy Dependence


• Heavy  Dependence on External Funding Sources
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AFRICA PROBLEM
Education


• Very Regional  and Country Specific Implementation
• Heavy  Dependence on External Funding Sources
• Heavy Dependence on Extant  Problems and 


Availability of Internal Resources
• Global Economy Dependence
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AFRICA PROBLEM
Science and Technology Development


• Very Inconsistent Regional  and Country 
Implementation


• Heavy  Dependence on External Funding Sources
• Heavy Dependence on Extant  Non-Technology 


Problems and Availability of Internal Resources on 
Extant Non-Technology Problems


• Extreme Global Economy Dependence
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AFRICA PROBLEM
Information Dissemination


• Very Poor Regional  and Country Implementation
• Extreme Dependence on Broadband Internet Access
• Heavy  Dependence on Developed Country  Help
• Heavy Dependence on Extant  Non-Technology 


Problems and Availability of Internal Resources on 
Extant Non-Technology Problems


• Global Economy Dependence
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For Future ICTP Science Advancement in Africa  Success: 


• ICTP funding agencies must maintain reasonable levels of fiscal 
support even in the face of global recession.  Such support will be 
critical if the many success of ICTP  over many decades in developing 
world nations is to continue and not suffer irreparable degradation;


• ICTP supported activities should evince stronger and more direct 
correlations among the purely science and the clearly infrastructure 
aspects of its projects ;


• Infrastructure–oriented science workshop support in a conference (or 
other) venue  should be  increased;


• Collaborative infrastructure-oriented scientific ventures with 
developed nations philanthropic foundations, governmental units, and 
other appropriate organizations should be increased.
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EXECUTIVE SUMMARY 


A technical meeting on “Enhancing nuclear science education and training using accelerators” 
was held at Accra, Ghana, from 11 – 14th September 2007. It was organized by the Physics 
Section of the Division of Physical and Chemical Sciences of the International Atomic Energy 
Agency in cooperation with the Ghana Atomic Energy Commission. 


The overall objective of the meeting was to advise the IAEA of mechanisms that may be 
developed or promoted to enhance nuclear science education and training using accelerators, and 
suggest activities in this area that the IAEA could facilitate. 


The formal presentations by participants revealed institutional work plans and proposed activities 
for utilization of accelerators in different parts of the world.  


The group showed considerable concern and interest about the improvement and enhancement of 
worldwide activities related to accelerator-based nuclear and interdisciplinary research in view of 
its very broad range of relevant applications. 


The meeting was attended by twelve international experts, and chaired by Mr. Godsway Banini 
(Ghana). The major part of the drafting of the report was done by Mr. Andrés Kreiner 
(Argentina). The IAEA Scientific Secretary was Mr. Nikolai. Dytlewski of the Division of the 
Physical and Chemical Sciences. 
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1. PURPOSE OF THE MEETING 


The purpose of this technical meeting is to advise the IAEA of mechanisms that may be 
developed or promoted to enhance nuclear science education and training using accelerators, and 
suggest activities in this area that the IAEA could facilitate.  
 


2. BACKGROUND 


The enhancement of nuclear science education and training in all Member States, in particular the 
developing countries, is of interest to the IAEA as many of these countries are building up their 
scientific infrastructure but are lacking in sufficient numbers of highly educated and qualified 
persons who could take up the reins of leading and driving activities in applied nuclear science 
and technology. This may arise from amongst other things, a lack of candidates with sufficient 
educational backgrounds in nuclear science who would qualify to receive specialized training, or 
be lacking in institutions available for training nuclear science specialists, i.e. those institutions 
with an established programme of nuclear science research. A related concern is the potential loss 
of valuable knowledge, accumulated over many decades, due to ageing workforce. 


Recognizing a need to enhance educational and research opportunities for young nuclear 
professionals, the IAEA in cooperation with the Ghana Atomic Energy Commission convened a 
technical meeting for the purpose of advising the IAEA on strategies and mechanisms that may 
be developed or promoted to enhance nuclear science education and training using accelerators. 
Ion beam accelerators offer a broad range of nuclear applications in environmental management, 
cultural heritage, natural resources, human health, and industry, as well as manpower 
development opportunities in areas such as radiation detection, nuclear instrumentation, high 
voltage, and vacuum systems. In recognition of the potential of ion beam accelerators to build 
knowledge and expertise, many developing countries are increasing investments in this enabling 
technology. Such national developments can also support a long-term objective of developing a 
knowledge base from which to participate in activities at advanced nuclear facilities such as high 
flux research reactors, synchrotron light sources, spallation neutron sources, and specialized ion 
beam facilities. 


This technical meeting brought together practitioners in the field of accelerators, tertiary 
institutions, and representatives of national organizations who have, or are intending to acquire 
accelerators. The presentations covered a range of applications and case studies which discussed 
or demonstrated approaches to the generic issues involved in this subject area. It was intended 
that presentations from invited speakers, and round-table discussions, will lead to the formulation 
of specific conclusions and recommendations on how Member States can best benefit from 
accelerators, and strategies that may be implemented to achieve this. 
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3. OBSERVATIONS 


The participants presented reviews on their institutional status and work plans, especially with 
respect to education and training. The abstracts of all the presentations are given at the end of this 
report together with the agenda of the meeting. 
 
The participants noted that Nuclear Science and Technology can be divided into two main 
avenues: 


1. Science conducted with nuclear reactors (which are based on nuclear fission 
induced by neutrons) and 


2. Science conducted with ion accelerators (based on nuclear reactions induced by 
charged particles and on collisions with electrons and atoms in matter) 


Each of these two technologies is very important in its own right and they may become 
increasingly interrelated through the development of Accelerator Driven Systems (ADS) for a 
range of applications in the future from nuclear waste transmutation to energy production. 


Accelerators have very important applications in modern society. Electron accelerators form the 
basis of radiotherapy, while ion accelerators have applications ranging from non-conventional 
radiotherapies, isotope production for nuclear medicine and environmental sciences through 
powerful analytical techniques. A partial list of these applications is given below. 


• Nuclear medicine-biology: proton therapy, hadron therapy, Boron Neutron Capture 
Therapy (BNCT), radiobiology, production of radioisotopes, diagnostic imaging 


• Environmental sciences: high sensitivity analysis techniques such as: Accelerator Mass 
Spectrometry (AMS), Particle Induced X-ray Emission (PIXE), Particle Induced Gamma-
ray Emission (PIGE), Rutherford Backscattering Spectrometry (RBS) 


• Materials science: characterization: RBS, Elastic Recoil Detection Analysis (ERDA), 
PIXE, Nuclear Reaction Analysis (NRA) and modification of properties (radiation 
damage, ion implantation, micromachining) 


• Explosives detection, cargo inventory verification  


• Nuclear waste transmutation and energy production (both through ADS and inertial 
confinement fusion) 


• Studies on structure of matter: sub-nuclear, nuclear, atomic, molecular, solid state 


• Geology and mineralogy  


• Archaeology and art, cultural heritage 
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4. CONCLUSIONS AND RECOMMENDATIONS 


After four days of in-depth coverage and exchange of ideas on the accelerator-based ongoing 
research and related educational projects in the home institutions and countries of all the 
delegates, there was a generalized agreement concerning the importance of these activities for 
education and training for the future of nuclear science and technology. As a panel of 
experienced accelerator users and nuclear science educators, we strongly endorse the idea of 
enhancing nuclear science education and training using particle accelerators. The efforts by IAEA 
to foster and promote accelerator-based R&D are perceived as very positive and should be 
strengthened in view of the very wide range of extremely useful applications of these devices. 
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The Constitution for the 
Edward Bouchet – Abdus Salam 


Institute (EBASI)  
 


The EBASI Constitution was adopted in Trieste, Italy on 9 November 2000. 


 
Preamble 


 
• Realizing the importance and role of science and technology, and in particular that of Physics 


and Mathematics, in the development of Africa; 
 


• Considering the challenge, posed by the late Nobel Laureate Physicist, Professor Abdus 
Salam, to the population of African-American Physicists and Mathematicians in the USA, to 
contribute towards the promotion of Physics and Mathematics in Africa; 


 
• Recognizing the fact that Edward A. Bouchet was the first person of African descent to 


receive the Ph.D. degree in Physics; 
 


• Considering the successes already achieved by EBASI over the period of 10 years 
notwithstanding its small size as well as the financial limitations; 


 
• Considering the untapped potential of the African-American Physicists in the USA to realize 


the broad objectives of the EBASI in collaboration with African Physicists and 
Mathematicians in Africa; and 


 
• Honouring both Edward A. Bouchet and Abdus Salam; 


 
the EBASI Council declares this Constitution to guide the operation of the Institute from the date 
of its adoption and as amended from time to time by the EBASI Council. 


 
Article 1 


Name and Headquarters 
 


The Edward Bouchet – Abdus Salam Institute, hereinafter referred to as the ‘Institute’, is a non-
profit making, international, non-governmental organization. 


 
The headquarters of the Institute shall be located at the Abdus Salam International Center for 
Theoretical Physics, Trieste, Italy. 
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Article 2 
Objectives 


 


A. General Objectives 
 


The general objective of the Institute shall be the promotion of science and technology, and in 
particular Physics and Mathematics, in Africa with a view to strengthen the role of African 
scientists in the development of Africa through directing their scientific activities to the 
improvement of the quality of life of the African people.  The Institute shall achieve this by 
promoting research collaboration between African-American Physicists and mathematicians in 
the USA with their counterparts in Africa, and by organizing conferences, schools and 
workshops in Africa and the USA to address specific development issues of greater relevance to 
the African continent. 


 
B. Specific Objectives 


 
1. To run sandwich programs for the training of African postgraduate students particularly at the 


level of Ph.D. under the general principle of the home institution offering the degree; 
 


2. To encourage staff exchange between USA and African Universities that have staff who are 
participants of EBASI; 


 
3. To organize schools, conferences and workshops on selected topics that have relevance to the 


development of Africa; 
 


4. To promote collaboration and communication among African and African-American 
Physicists and Mathematicians, and with the International 'scientific community as a whole; 


 
5. To increase scientific productivity of African and African-American Physicists and 


Mathematicians; 
 


6. To popularize and promote science and technology particularly for the development of 
Africa; 


 
7. To encourage international institutions and the private sector to support EBASI in particular, 


and in general increase their support in the promotion of science and technology for the 
development of Africa; 


 
8. To do any other thing that will promote development in Africa by using science and 


technology. 


 
C. Activities 


 
The objectives of the Institute shall be met through the following activities to be sponsored by 
the Institute: 
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1. The creation of a data bank on the academic potential of African Universities and American 
Universities that have African-American Physicists and Mathematicians; 


 
2. The organization of sandwich training programs particularly leading to the award of Ph.D. 


degrees by African Universities; 
 


3. The organization of schools, workshops, and conferences on topics of greater relevance to the 
development of Africa; 


 
4. The Support of staff exchanges between Universities/Research institutions in Africa and the 


USA, involving African-American Physicists and Mathematicians going to Africa and 
African Physicists and Mathematicians going to the USA; 


 
5. The Acquisition of research equipment, books and Journals from Universities and Institutions 


in the USA and providing such equipment, books and Journals to Universities and Research 
institutions in Africa; 


 
6. The forging of close contacts with Universities, institutions and organizations all over the 


world for the purpose of furthering the objectives of EBASI; 
 


7. The use of the opportunities available at the Abdus Salam ICTP, the International Center for 
Science and Technology of UNIDO, and the Third World Academy of Sciences for the 
promotion of the objectives of EBASI; 


 
8. The undertaking of fundraising missions particularly in the USA in order to promote the 


objectives of the Institution. 
 


9. The establishment of regional Centers of excellence in Physics and Mathematics in Africa. 
 


10. The initiation of any other activities that will further the objectives of the Institute. 


 
Article 3 


Membership 
 


There shall be four types of members of the Institute: 
 


A. Council Members 
 


These are the individual members of the EBASI Council originally appointed by the late 
Professor Abdus Salam in 1988 and any other individual that will be appointed by the Council as 
a self-sustaining body from time to time. 


 
B. Members 


 
These are individual Physicists and Mathematicians working in Universities and Research 
Institutions and appointed by the EBASI Council in recognition of their demonstrated 
commitment to further the objectives of EBASI on a continuous basis. 
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C. Associate Members 
 


These are individuals appointed by the EBASI Council in recognition of their demonstrated 
commitment to further the objectives of EBASI on a continuous basis. 


 
D. Affiliated Institutions  


 
These are institutions designated by the EBASI Council in recognition of their demonstrated 
support to EBASI on a continuous basis. 


 
Article 4 


Structure, Governing Body and Duties 
 


The decision-making body of the Institute shall be: 
 


A. The Council 
 


The EBASI Council shall be the highest decision-making body of the Institute.  The Council 
shall lay down the guiding principles and policies of the Institute for the purpose of enabling the 
Institute to further its objectives in the most efficient and elegant manner.  As appropriate the 
Council shall elect a Chairperson. 


 
B. The Executive Board 


 
This shall be appointed by the Council from time to time, as a continuing entity to direct, as may 
be appropriate, the affairs of the Institute between sessions of Council Meetings.  The Executive 
Board shall provide a report of its activities to the next meeting of the EBASI Council.  The 
Chair of the Council shall serve as Chairperson of the Executive Board. 


 
Article 5 


Finances of the Institute 
 


The funds of the Institute shall be obtained from: 
 


1. Subventions and donations; 
 


2. Contributions to support specific activities. 
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Article 6 
Amendments to the Constitution 


 
This Constitution can only be modified by the EBASI Council.  Any modification shall be made 
at any of the regular meetings of the Council and passed by a two-thirds majority. 


 
 
 


 Date Issued: Thursday, 09 November 2000 
 





