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It's Alive - The Coming Convergence of Information, Biology, and Business Christopher Meyer 2003
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Fundamental physics and accelerator s

—2 Platforms yen On-line Courses (MOOC)

Q
— Complementary to existing World Wide initiatives and gender balance !
O
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Already 5 editions completed since 2010 !
ASP2020 to be conducted in Marrakesh

The aim of the school is to build capacity in African countries, to harvest, interpret,
and exploit the results from physics experiments with particle accelerators, and to
Increase proficiency in related applications and technologies.

@) -2 To conte
—> To support financially up rican students for 3-week classes attendance;

| —> To establish a biennial educative program to be hosted across Africa
—> To provide high quality classes by international re-known Scientists

APS2020 Fundamental physics and accelerator science in developing countries / C. Darve 03/04/20 5
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African Contributors:
- Namibia

- SA DST/NRF

- IUCEA

Integrated: ~50% of
ASP2018 budget

\(cnulvc,‘

D , ~UP4P
:l/ \:z'; UNIVERSITY OF THE é [:Tthplaﬂ
AN 7

WITWATERSRAND, &7 \ \ ;w\
JOHANNESBURG :

ICTP Support major

7 —

\)«\" AFP/

e

y ING'S

CERN (87)//

N UNAM () B xh

N

NAMIBIA UNIVERSITY
’ OF SCIENCE AND TECHNOLOGY ,N N

Fund Management

Internotlonal Centre
(@ for Theoretical Physics k )

Writes Proposals,
Requests for Supports
Produces Final
Reports of Activities

Host Country Support Significant

Lecturers and Organizers Supported by
External Sources - Significant

APS2020 Fundamental physics and accelerator science in developing countries / C. Darve 03/04/20
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Theoretical Physics Experimental Physics Accelerators, Applications, HPC

ology

ations
and Cost on and Light Sources

Theoretical Heavy-io . _ Energetics and solid state

physics -

5 : « Exp. Astro-particle Physics GRID and High Performance Computing
Linux tutorials

Digital Library
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High School Teachers Program

1-week intensive workshop

Train High School Teachers
for improved physics
teaching

\ Learners Program

(
1-week learners Outreach

10-12t" grade learners
Encourage learners to
develop and maintain
interests in Physics and
Applications

Student Program

3-week intensive school

« 3'dyear of University to Ph.D.

» Mostly African Students
« 70-80 Students; total > 320

Forum and Outreach

2 events

* Involve Regional policy
makers

 Promote spin-off activities in
Africa

« Introduce students to policy

Fundamental physics and accelerator science in developing countries / C. Darve
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ASP Conference

1-week International Conference

» Participation of ASP Alumni
« Part. Research Faculties
 Networking & collaborations

Mentorship/ Coaching Program

« Work with Academic Advisors

« Connect Students w/
Researchers

 Place students at Labs

 Support students & help
address their academic needs

03/04/20 9
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Role of wo

Local Universities RN y
Involve students and professors {5 3T R ‘
L Qbi = - A:H i =." — | . :é l‘ A a
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Studies and employment # of alumni

Full time undergraduate student 2
Part time undergraduate student 0
Full time masters student 19 Qf;ﬁ,’,;;:':jﬂ
Part time master student 1 58% stayed in-country
Full time doctorate student 39

10% 21%
Full time Europe Other Africa

79%

Part time doctorate student
Studying at a non-degree granting institution

Full time postdoctoral researcher Studying

Part time postdoctoral researcher

Full time professional work 11 B Postdoc

Part time professional work M Professional

3
Part time work 10 Courtesy Julia
Internship 5 Gray

Unemployed 4
26 Unemployed

Full time work

Work

M Internship

Looking for higher education opportunities

APS2020 Fundamental physics and accelerator science in developing countries / C. Darve 03/04/20 11



UN support
Dr. H. TOURE, UN ITU
Secretary General.
RHFEST AfLS and compact acc. e Prof. A WAGUE and O. KA
cHEe Prof. H. WINICK, Prof. rscssisneicioe . M. NGOM - US Embassy rep.
« Emeritus, SLAC and Prof. L. : :

AFRICAN SCGHOOL ON
UNDAMENTAL PHYSICS
AND ITS APPLICATIONS

Dedlcated to Knowledge and

Transfer of Technology East Afr. Science and
B D DL, @il el New ICTP Center Dr T. TJIVIKUA, Vice-Chancellor
@ Emerging Research areas & Rwandan Ministry \ v Namibia Univer’sity of Science
Infrastructure, Human Capital and of Educatlon I and Technology (Namibia)

@ Knowledge Systems. e e = Dr. R. ADAM (SK A, SA)

FUNDAMENTAL PHYSICS T
AND I.lCATION FUNDAMENTAL PHYSICS

Rwanda

APS2020 Fundamental physics and accelerator science in developing countries / C. Darve 03/04/20



Prof. A. WAGUE and Di
ITU Secretary Geners

- "When we talk about youth bein

Fortunately, there have never been more or better opportunltles for acquiring the necessary
dlgltal ' d it is tremendously
---- , as well as
open courseware and mobile learning, hackathons, and mobile app competitions.”

’r’rps//ﬁlico.cern.ch/even’r/27648 1 /contributions /1620267 /attachments /502040/693352 /AT_Speech_ASP_Physics_v8.pdf



www.smartafrica.org

COHMECT IMNNOVATE TRARAMBFORM

have joined the Alliance. .
This represents a Market of

Angola Kenya
Benin Mali
Burkina Faso Niger

Cameroon Rwanda

Chad Sao Tome & Principe
DR Congo Senegal

Cote d’lvoire South Africa
Djibouti South Sudan

PRIVATE SECTOR/
ENTREPRENEURSHIP
SUSTAINABLE
DEVELOPMENT

Egypt Togo g
Gabon Tunisia \

Ghana Uganda Communications & Advocacy

Guinea Zambia o

S_r_nart ATlE-= Vo0 Statement 4th Industrial Revolution: Innovation and

Artificial Intelligence
Republic of South Africa

54 Governments 5 Blocks One Digital Africa

APS2020 Fundamental physics and accelerator science in developing countries / C. Darve 03/04/20
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ordic Particle Accelerator Project

Particle Accelerators as tools for transformation
O
/J APS2020 Fundamental physics and accelerator science in developing countries / C. Darve 03/04/20
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=>» Intrinsically use it as tools for distant teaching, hence support developing countries !

Why do we need new P : :
School levels are typically advanced
@ Domains/Field complementarity
/C' To provide sustainable and “users-friendly” tools
APS2020 Fundamental physics and accelerator science in developing countries / C. Darve 03/04/20
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Grant for the Nordic Particle Accelerator Program _——

Main deliverables: 2 summer schools and 3 MO

Erasmus Plus Project of
Excellence & Best Practice

Strategic partnership and building cross-sectoral bridges

Support innovative practices from international to

Application Form
Call: 2015

KA2 - Cooperation for Innovation and the Exchange of Good Practices
Strategic Partnerships for higher education

regional to organisational and individual levels

Erasmus+

APS2020 Fundamental physics and accelerator science in developing countries / C. Darve 03/04/20



MOOC1: Particle Accelerators

introduction

—> Launched in August 19
More than 505 learners enrolled

Accelerators for Synchrotron Light
Light and Light Sources

Accelerator to make light

The development of accelerators for
synchrotron light

Photon light sources and MAXIV
Synchrotron radiation

- Launched in March ’19
More than 716 learners enrolled

RF-System

Introduction to RF-systems

RF cavities

Waveguides

RF Amplifiers

More about cavities

Magnets technology for accelerators

- Launched in Nov. '18
More than 1044 learners enrolled (on 28 Feb 2020)

Introduction to the course and
radiotherapy

Introduction

Biological rational for radiotherapy
Intro. to the electron linac for radiation
therapy

Electron Linacs for radiation therapy

Bending magnets, wigglers and
undulators

Free Electron Lasers

Spallation source and ESS
Introduction and neutron science
European Spallation Source
Particles Colliders

Introduction to Particles Colliders
The LHC and its experiments

Linear Colliders

Future Circular Colliders

Plasma Wakefield (to be completed)

Magnets partl/2/3

Beam Diagnostics

An overview

Beam intensity and position
Transverse Beam Profile
Longitudinal Beam Profile
Beam Loss Monitoring

Basics of Vacuum techniques
An overview and motivation

Residual gases and vacuum regions
Vacuum equipment
Other vacuum components

The multi-energy electron Linac structure
Dose delivery to the patient

Proton therapy 1

Rationale of proton therapy
Accelerators for proton therapy
Treatment delivery of proton therapy
Proton therapy Il and production of
medical radionuclides

Heavy ion therapy

Challenges in pr. th. and heavy ion th.
Introduction to medical radionuclides
Production of medical radionuclides

APS2020 Fundamental physics and accelerator science in developing countries / C. Darve
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https://www.coursera.org/learn/fundamentals-particle-accelerator-technology/?utm_medium=email&utm_source=other&utm_campaign=opencourse.qpc6hYZNEeaG-BL9miwwYw.launch
https://www.coursera.org/learn/medical-applications-particle-accelerators
https://www.coursera.org/learn/medical-applications-particle-accelerators

“ps

physics 2020

o MOOC1: INTRODUCTION TO PARTICLE ACCELERATOR _

WEEK 5" 2 hours to complete

~'-—l-

WEEK @ 2 hours to complete
/‘ 2 WEEK @ 3 hours to complete

3 Spallation sources and ESS
WEEK @ 3 hours to complete
n
|
4 Particle Colliders }

This module describes particle colliders and explains why we need them. After a brief history of colliders it focuses on the
Large Hadron Collider (LHC), which is the world's largest collider. This is followed by two lectures on linear colliders,

exemplified by two proposed electron-positron colliders, CLIC and ILC. Finally the module discusses different options for the
next generation of circular colliders.

@ 9 videos (Total 25 min), 6 readings, 5 quizzes  SEEALL
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r y| waves

| |.

(€23)

Standing elec agnetic wavg

| . D) . seop
https://www.coursera.org /learn /fundamentals-particle-accelerator-technology
¢ https://www.coursera.org /lecture /fundamentals-particle-accelerator-technology /general-introduction-wf3CB
/ https://drive.google.com /open2id=160EDKsTJiZruNpGNoDuuOhvxLYfOfafW
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9 christine.

Medical Applications of Particle SICL covrser BTSN

I = Viewing: Original Version Live / February 17, 2020 - March 22, 2020 L:} ?/g Edit Course
( } Imcluded with €21 Introduction to the course and radiotherapy
ko ko 4 - Laamn Marg  Medical Applications of Particle REQUIRED GRADE DUE
= Accelerators (NPAP MOOC)
Lund University Videos 8 min left Quiz Feb 23
l- .‘ Lars Hjort Grad?d Quiz 11:59 PM PST
r . Readings 1h 4m left 15 min
Overview
Practice Exercises 25 min left
Set a weekly goal
Airuady unrelled
Go To Course Learners who set a goal are 75% more likely
Financial ad i
to complete the course. You can always
change it. WEEK 2 Estimated Time:2h
Learn 2 days a week
Electron linacs for radiotherapy
- , Learn 3 days a week REQUIRED GRADE DUE
Abour  Syllabus  Reviews  Instructors  Enrallmenc Opdons FAQ
Videos 20 min left Quiz Mar 1
@ Learn 5 days a week Recommended Gracljed Quiz IS PMPST
Readings 51 min left 2min
r Your goal will be tracked Monday - Sunday
Ah Dut thlﬁ- Enurﬁe Practice Exercises 47 min left
E 102 recent views
Mot now Set goal
Hello and welcomie to s [ourse
“ourse Manager WEEK 3 Estimated Time: Th40m

X ff & Mentors Only

The MPAF - Medical Applications of Accekrators & one oue of chree Cowrses in the Nordic Particle accelsrator Program (MFAP|. Here you wil be
gat a tangible career benefr from

taken an a tour focusing on the medical applications of particle actelerators. You wil see that there are two very importang, but different, E'Q %
a —F this course
applicatiors of acceerators in hogprals. The fiest application concerns radiotherapy of tumours and the other concerns the productian of )
medical nucides for diagnosds and treatment. Both will be included in this cowrse ard desoribesd through fowr modules
23
[reas:s X
i 53 % gob a pay InCrease ar promosion
The first module offers the basic principles of radiotherapy from a medical and pheysics point of Wiew. You there learn about the main
componerts of the machines wused for radiotherapy ared g2t 1o knicw why radiotherapy IS IMpamant for cancer treatmerts
The secord module guides you through the different types of linear accelerators used inthe machines for radiotherapy. | ako descrioes the @ 100% online

design of the treaiment head. The design s iImportant because it is the settings of the reatment head that determines the dose and the ar
radiabed regior. It s 210 in the reatment head whene the dose ghven bo the patient is measured.

Flexible deadlines

=T ) 1 {ance T - =i

m thie third module youw are mtreduced to proton theragy. Inthis type of therapy protons are frst accelerated ard then guikded down o the
tumaur by magnets. The machires are considerably larger and more expensive than machires used for radio therapy. The module also offers a
desc FMIELESN and cOmEarson oepseeEn diftererit I:|l|:\'."- o a:n:-:l-:r:nli:-"-_ and -:*J-:|:I.1|"|s Feri thie proioes interao s tissue

. Beginner Level
Also lons that are heavier than protons can be used in cancer therapy. This & desoribed in the fourth module, shere we also introduce you to
thi ErGﬂJit on of medical mudides, Yoo learn fovd e nuclides are proouces in proson ared i accelerators ard hiow the nucides come ireo
play at differerit places in hospitals. Medical nudides are for instance used in Positron Electron Tomography, PET.

® Approx. 10 hours to complete

E "] . . . . .
=Ny AD (12() naamental ni ~Tala = cloratn cnhceodn gdovaolonino . colln a [ )9 a ()
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NUCEEIREECEUGIE Medical Isotopes g@g MARCH

Non nuclear research [EISEES physics'MEETIN G2020

Radiotherapy

Industry

~ 60 Photon
sources
B
1 +3 Proton LINAC

for Neutron
O Sources

Colliders "Medical Applications” by

C. Biscari and L. Falbo
CERN-2014-009
?EPP 4M
VEPP 2000
@
SUPER KEK-B
Tau—Egarm

Accelerators in the world:

over 35000 (15000 in 2000)

1940 1950 1960 1970 1980 1990 2000 2010 2020

APS2020 Fundamental physics and accelerator science in developing countries / C. Darve . ] L )
Fig. 8: Growth of hadrontherapy centres and treated patients in the last 60 years



TYPE OF PARTICLE ACCELERATORS

Each generation built on the accomplishments of the previous ones

raising the level of technology ever higher
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FIGURE 1.6

Synchrotrons
(colliders)

" @ e*e” colliders
Linacs
Cyclotrons

Generators

1940 1950 1960 1970 1980 1990 2000 2010

Livingston plot of evolution of accelerators.

Livingston’s diagram
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INTERNATIONAL ORGANIZATIONS
TRIANGLE OF KNOWLEDGE — UE “PARADIGM”

Research
Laboratories

ASP-2012 Forum, KNUST,
Kumasi (Ghana), 28-07-2012

design, build, commissio
a Big Accelerator

RICH DEVELOPED COUNTRIES / Eik@:’sm



triangle of Knowledge and circle of Opportunity

Research

: Universities
Laboratories

—
Compact
Accelerators
Based on Cutting
Edge Technologies

Driving Advanced
Applications

COUNTRIES UNDER-DEVELOPMENT physics' MEE
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* Industry

acs, etc)

* University ant social

Research grate the expertisein
accelerator s gh Energy Frontier challenge

STAR Schematic Layout

@ Smcrotrﬂﬁwrleste
fotiuta Harionale Elettra and’ FER ou fces..
//3 |1 i - - - 5 \es




Atom

No. of electrons

Coherent scattering

Courtesy Lenny Rivkin
Neutrons

"

Water molecules
e & ——=0Observed with
e neutrons

N. Niimura, et al.

H atoms make up

Neutrons

Protein

(lipids, proteins, nucleic I_,
aCidS, Carb()hyd rates)_ From structure to function

DNA

A proten

molecule

moving along
theDNA chain
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PETRA IIl MAXIV f
DELTA

ELSA ' SSRC
ASTRIRII” | ¢ SOLARIS ® _
O SBESSYI L, DELSY ‘
DIAMON | , ®
Courtesy e o SLS ® KSRS BSRF \ spklecl;:zls( .
Caterina - 88, o€ i E e PLS/Sg——NSSR

NSRlg ¢ @\ UVSOR

o O ILSF O UBARU TSRF

“ 4 LS SSRF
INDUS { HISOR -
ESRF ) P RLI v O®TPS SAGA ITSSR
ELETTRA < QQISRRC
. o

M
SESAME
HELIO2§T:} .

Biscari

@ IN OPERATION O IN CONSTRUCTION

/) https://laamp.iucr.org/__data/assets/pdf_file/0007 /135754 /brochure-for-web-cover2.pdf @)



AfLS Steering Committee _
Regions represented .... = , oo e | See Summary talk at:

55 members w 4 https://www.dropbox.c

om/s/inxre3hnpa229qg
W/ATLS-AAS-

VASI. ptx?2dI=0

The Afrlcan Light Source
Prolect |

Outcomes: https: docs google.com document d/1dX2NX FE07 i
Q LTUuhnZYkHdbRdRokhfOO gH

APS2020 Fundamental physics and accelerator science in developing countries / C. Darve 03/04/20


https://docs.google.com/document/d/1dX2NX_FE07gipEWiS-LTUuhn7YkHdbRdRokhfOO_gHQ/edit
https://www.dropbox.com/s/inxre3hnpa229gw/AfLS-AAS-ASI.pptx?dl=0

Socio-economic benefits

“ps

physics 2020
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First African Light Source Conference
November 2015

Boost African Scientific Research, Research Capacity (Continent, regions, Institutes), Capacity Building - , - 2\ APS March
African Science Renaissance R— — 2018 meeting

Global Research Community
Tackling Diseases (Malaria, TB, Aids, Ebola ....)

Unique African Research Opportunities attracting international collaboration : Energy opportunities, African
Environment, Cradle of Humankind, Cradle of Culture, Mineral beneficiation, Agriculture.

Mobility, Conferences, Schools, International Mentoring partnerships in student training, Regional Centres of
Excellence, Local feeder instrumentation

Build Research capacity in Industry, competitive industry
Science for Peace (eg CERN, SESAME)

Return of the African Science Diaspora - new opportunities for young excellent scientists

28/52 > 50%
Synchrotron Use

B Foleo

B Materials or Bio

[l Pocleo and materials or Bio

For African countries to take control of their destinies and become major players in the international
community

29 Jul 2019 The African Light Source : for AAS-ASI

PhD / Paper / Programme



Palestinian-German SPONSORED BY THE

scienceBRIDGE | he Palestinian-German

CONNECTING PEOPLE AND KNOWLEDGE @I Federal Ministry
. . T¥ |} of Education
Science Bridne (PSR e
_

oty ‘ SPONSORED BY THE

- Palestinian-German =
X . | . O scienceerinee  EXperience so far Federal Minist

» a program WIth the aim Of eStab“Shlng | CONNECTING PEOPLE AND KNOWLEDGE p % of Education L

in science and technology and Research

A7

> BMBF financed program Students are highly motivated

2,5 M€in 5 years, 2017-2021

(Application for 2 years extension and ¢ Institutes in Julich are highly satisfied with the

Palestinian students (large international competition)

A7

» Research centre Jllich and its partner | L :
Short acclimation period

A7

» Palestinian Academy for Science and 1

_ o Good relationship established between scientists
as an umbrella covering all Palestinian |

Y

Y

Exampels of cooperation between several
Palestinian universities and Julich on one topic

Courtesy
Ghaleb Natour

IJ JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum
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