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Abstract

We have established a biennial school in Africa, on fundamental physics and its appli-
cations (ASP). Fundamental physics is a good field to educate students in general science.
The aim of the school is to build capacity to harvest, interpret, and exploit the results
of current and future physics experiments and to increase proficiency in related applica-
tions. The school is based on a close interplay between theoretical, experimental, and
applied physics. The participating students are selected from all over Africa. The school
also offers a workshop to train high school teachers, an outreach to motivate high school
pupils and a physics conference to support the broader participation of African research
faculties. The duration of the school allows for networking–interactions among the par-
ticipants. Support for the school comes from institutes in Africa, Europe, USA and Asia.
The first school took place in Stellenbosch, South Africa on August 1–21 2010, the second
edition in Kumasi, Ghana on July 15-August 8 2012, the third edition in Dakar Senegal on
August 3–23 2014, the fourth biennial school at the University of Rwanda on August 1–19
2016, and the fifth edition in Namibia on June 24–July 11 2018. The activity report of
the fifth edition of the school (ASP2018) is presented here.

∗Corresponding authors: ASP-IOC@CERN.CH
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1 Introduction1

The fifth edition of the biennial school of fundamental physics and applications, ASP2018, took2

place at the University of Namibia (UNAM) and the Namibia University of Science and Tech-3

nology (NUST), in Windhoek Namibia, on June 24–July 14 2018 [1], with the support of the4

Namibia National Commission on Research, Science and Technology (NCRST). The school was5

based on a close interplay between theoretical, experimental, and applied physics. It covered6

a wide range of topics in nuclear & particle physics, astrophysics & cosmology, accelerators,7

radiation & medical physics, material physics, renewable energies & energy efficiency, high per-8

formance computing, physics education and physics communication. The participating students9

were selected from twenty-four African countries. A selection of lecture topics and conference10

talks in theory, experimental and applied physics was proposed for the school. Scientists from11

Africa, Europe and the USA were invited to prepare and deliver lectures, physics demonstra-12

tions and experimentation according to the proposed topics taking into account the diverse13

levels of the participants. The duration of the school allowed for networking—interactions14

among the participants. The school was funded by institutes in Africa, Europe, Asia and the15

USA.16

The first edition of the school, ASP2010, took place in Stellenbosch, South Africa, on August17

1–21 2010 [2], the second edition in Kumasi Ghana on July 15–August 8 2012 [3], the third18

edition in Dakar Senegal on August 3–23 2014 [4], and the fourth edition in Kigali Rwanda on19

August 1–19 2016 [5].20

ASP2018 was a successful school as can be seen from the report presented herein. Such a21

success results from many factors, namely the dedication of the organizing committee (local22

and international), the careful preparation of the school, the logistical support offered by the23

host country, the motivation of the participants, the atmosphere of networking which continues24

after the school, providing students with valuable contacts and advice for higher education.25

Arguably, it is the connection between theory, experiment and practical applications that the26

organizers of the school believe to be important for a solid education in Africa. Over-focusing27

on one of the three aspects—theory, experiment, applications—at the expense of the others28

cannot prepare the students to be flexible and adaptable in an increasingly global and highly29

competitive international level. Specialization would still be necessary at some stage in the30

student’s education, but only after a solid foundation in theory, experiment and applications,31

after which the students can better match their areas of expertise with personal aspirations, to32

a narrower future research career. Networking was important in the basic education proposed33

at the ASP2018, to allow the students to seek and acquire information before deciding on34

their higher education and career paths. It is pretentious to suggest that the ASP2018 would35

instill all these necessary skills to the students. Indeed, ASP2018 is complementary to the36

basic education of the students, it expands the networking base of the students, allowing for37
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the creation of valuable contacts across Africa and beyond. Furthermore, it is hoped that by38

organizing this school every two years, with the next one in 2020, the basic objective of the39

school, i.e., increased and competitive higher education in fundamental physics in Africa, will40

be better realized.41

The ASP2018 program was augmented by a one-week workshop for high school teachers,42

a one-week outreach to secondary schools in the Khomas region of Namibia, and a one-week43

physics conference. Regular training of high school teachers will equip them with the latest44

educational tools to prepare students for college education. The outreach to the secondary45

schools is expected to increase the curiosity, awareness and confidence of high school pupils46

towards fundamental physics and applications. The ASP conference was intended to attract47

ASP student alumni and African research faculties to present their research work and network48

with the international participants.49

The motivation to carry out such a school in Africa is presented in Section 2. The organiza-50

tion of the school is discussed in Section 3; this includes a careful selection of the venue, of the51

curriculum, the financial support for the school and the selection of the students. In Section 4,52

we discuss the school itself, i.e., the activities during the period June 24–July 14, 2018 when53

the school took place in Windhoek: the logistical support offered by the host country and how54

this contributed to the success of the school, the lecture materials that were presented to the55

participants, and the discussion and practical sessions that were organized to reinforce the un-56

derstanding of the lectures and to promote networking. respectively. In Section 5, we present57

the activities after the school, which included balancing the budget, the obtaining of feed-58

back from and maintaining contacts with the students. In Section 6, we discuss the prospects59

of organizing the school again in 2018. And finally, some concluding remarks are offered in60

Section 7.61

2 Motivation62

The basic objective is to help improve the quality of higher education in Africa and to help63

increase the number of African students acquiring higher education. This is achieved through an64

outreach effort, an increased awareness of the potential of high quality training offered by large65

scale experiments in context in various scientific disciplines, and a system of networking on the66

international scale. There is a strong alignment between the mission and the vision of African67

governments and policy makers on education and capacity building and their programs with the68

goals of the ASP. The ASP is committed to include African governments in the planning going69

forward, in order to take advantage of aspects such as consolidating bilateral agreements and70

their goals, building on synergy with other programs, improving the sustainability and impact71

of the capacity development and improving the measurement and visibility of the impact. By72

working with African governments and policy makers on education, ASP seeks to promote73
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a culture of science that creates an attractive environment for African student alumni, thus74

encouraging their retention within Africa. ASP promotes sustainable scientific development75

in Africa by building a network between African and international researchers for increased76

collaborative research and shared expertise.77

The aim is to establish a longer partnership with African governments and policy makers on78

capacity development for the component of funding, to improve the scientific program in order79

to better serve the education and research priorities of African countries, and to develop the80

project goals and the key performance indexes further. These developments are timely given81

the progress made by the ASP and the synergy that can be established with the African policy82

makers on education. Mechanisms to make ASP sustainable are considered, and in doing so,83

ASP truly contributes in a significant way to development in Africa. ASP2010-16 are positive84

steps towards the broader objective of ASP and encouraged the organization of the fifth edition85

of ASP, ASP2018. In doing so, we hope to help increase the global presence of African students86

and scientists.87

3 Organization of the School88

In this section, we discuss the organization of ASP2018, i.e., all the preparatory activities nec-89

essary to ensure the success of the school. The preparation for the first biennial African school90

of fundamental physics and its applications, took some time, from its conception to realization.91

Late in 2008, there was a firm commitment from Center National de la Recherche Scientifique92

(CNRS)/IN2P3 in France to support and fund this project. This was the encouragement needed93

to seek the additional financial support required to cover the total budget for the school, as94

discussed in Section 3.3. The first milestone was achieved with a proposal for a school in Africa95

submitted to the ICTP [6] in February 2009. It was the beginning of concerted efforts on the96

first edition of the school, ASP2010.97

The success of ASP2010 was encouraging and provided motivation to work harder towards98

the original objectives to organize the school every two years, and in doing so, truly contribute99

in a significant way to development in Africa. The international organizing committee (IOC)100

proposed a similar school in 2012, ASP2012, but in a different African country. The committee101

had explored this option, and of the various host countries proposed, Ghana was selected to102

host ASP2012, and Senegal for ASP2014. The fourth edition of the school, ASP2016, followed103

in Rwanda in August 2016. Then in June–July 2018, the fifth edition was held in Namibia.104

The activities of ASP2018 are discussed in this report.105

3.1 Selection of the Venue106

The selection of the host country was very important because the support offered by the host107

country has a large impact on the success of the school. Since ASP2018 was primarily targeted108
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towards African countries, the host country was considered from that part of the world. A few109

options were explored in West Africa, Central Africa and Southern Africa. After several con-110

siderations, Namibia was finally selected as the host for ASP2018. Some of the considerations111

that went into this decision include: the logistical infrastructure that is required for the school,112

and the ability of the host country to provide such a support; the ability to put together a local113

organizing committee dedicated to the objective and the success of ASP2018, and directly in-114

volved in the preparation of the school; the prior experience—that may have been accumulated115

in the host country—from previous schools held in the country in question; the existence of116

physics teaching capacity in local universities up to at least the Bachelor degree; the existence117

of some local research/teaching in fundamental physics.118

After identifying Namibia as the host for ASP2018, the venue of the school within Namibia119

was then discussed. A few viable options were explored, taking into account the timing of the120

school and some of the considerations mentioned above. The IOC made a visit to Namibia in121

June 2017 to meet the local organizing committee, to inspect the various options for the venue122

and to see the infrastructure that would be available for lectures, discussion and practical123

sessions during the running of the school. In Section 4.1, we discuss how the logistical support124

contributed to the success of the school.125

Ultimately, UNAM and NUST were selected as the venues of ASP2018 after considering126

all the aforementioned requirements and in addition to the proximity of both universities to a127

major international airport for an easy commute of the international delegates.128

3.2 Scientific Program129

The scientific program contained four categories optimized for international university students,130

high school teachers, high school pupils, and a conference for professional physicists. All the131

four categories of the scientific program were based on research and education topics in nu-132

clear & particle physics, astrophysics & cosmology, accelerator, radiation & medical physics,133

material physics, renewable energies & energy efficiency, physics education and physics com-134

munication. Lectures were delivered in theoretical fundamental physics, experimental physics,135

applied physics and/or high performance computing.136

Each lecture is further divided into an initial set of recaps of essential background knowledge,137

followed by the main lecture themes, and finally a dedicated theme on computing-related aspects138

of the topic, including Monte Carlo generators, detector simulation with Geant-4 [7], data139

analysis with ROOT [8], and high-performance computing. The latter was structured partly140

into hands-on practical sessions. There were also discussion groups that provided opportunities141

for discussing questions arising from the lecture materials. These discussion sessions provided142

a framework for mentoring participants from different backgrounds.143

During the conference, special lectures were organized to highlight the edge of current144

research and topics of special interest to the host region. Some of these lectures were more145
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pedagogical in nature, and were open to a wider audience, e.g., from the host institutions and146

its surroundings. There were a few such talks for each of the main scientific themes.147

The student program contained all the aforementioned activities condensed into three weeks,148

June 25–July 13. The workshop for high school teachers took place during the second week, in149

parallel to the student program, July 2–6. The outreach to secondary school took place with150

the third week, in parallel to the student activities, July 9–12. The physics conference took151

place on June 28–July 4, and offered plenary and poster sessions for all the participants on152

June 28, and in the mornings of July 2 and July 4.153

All these additional activities were designed to complement and strengthen the ASP2018154

program with the possibility of networking and informal discussions among the participants.155

The details of the scientific program are shown in Ref. [1].156

3.3 Financial Support157

The school was sponsored by an unprecedented large number of international institutes and158

organizations in Africa, Europe, the USA and Asia, as shown in Figure 1, in addition to support159

from the private sector.160

Figure 1: The institutes that financially supported ASP2018. Brookhaven National Laboratory
provided a significant support to the school but declined the use of its logo.

We managed to collect a total budget of about e165467 as shown in Table 1. Travel and161

accommodation expenses of most lecturers were covered by their home institutes. The travel162

expenses for a few lecturers were covered from ASP2018 funds as shown in Table 2. The travel163
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Table 1: Summary of the ASP2018 budget. The contributions in this table were primarily
used for student participation, and for travel and/or lodging accommodation coverage for a
few lecturers. Travel and accommodation for most of the lecturers and organizers were covered
by their own institutes: these are detailed in Table 2. The BNL contribution includes travel
coverage for six of its staff and $10000 for student participation. The EPS contribution of e4000
was earmarked for the organizers and speakers of the renewable energy & energy efficiency track
at the ASP conference.

Incomes (e)

African Contributions 60075
South African NRF and DST R500,000 31148
Namibian Ministries of Education 20000
Inter-University Council of East African 7681
University of the Witwatersrand R20000 1246

European Contributions 67355
ICTP 30000
INFN 15000
CERN CHF 10000 9113
DESY 5000
EPS 4000
Paul Scherrer Institute (PSI) CHF 4000 3526
EU Delegation in Namibia $11500 716

USA Contribution 36451
Brookhaven National Laboratory (BNL) $10000 8817
BNL coverage for its staff $32158

IUPAP 7000

Asian Contribution 6000
Shui-Chin Lee Foundation for Basic Science 6000

Private Sector 15000
Theorem Holdings Corporation 10000
Metatron Global SA 5000

ASP Conference Registration Fees 1220

Total Income 165467
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Table 2: Summary of the ASP2018 budget for lecturers, invited speakers and organizers. From
the budget of ASP2018, we provided lodging accommodation for three lecturers, travels for one
reporter and one speaker, and travel & lodging accommodation for one filming and recording
expert. During the site visit to Namibia in June 2017 and early 2018, BNL, ICTP, CNRS-
IN2P3, CERN, and the University of Oklahoma provided travel coverage for their staff. One
member of the site visit team paid for her own travel. This coverage is not reflected in this
table. The BNL travel coverage for its staff is not received as contribution into the ASP budget
for students; it is simply shown to point out the significant contribution of BNL to the overall
ASP2018 effort.

Institute Number of lecturers or organizers covered
South African Institutes 12
BNL 6
ASP2018 Budget 6
CERN 4
INFN 3
EPS 3
CNRS-IN2P3 3
Private Sector 3
King’s College London 2
Jefferson Lab 2
University of Oklahoma 2
DESY 2
Swedish Institutes (Uppsala & Lund) 2
University of Notre Dame 1
Academia Sinica Taiwan 1
IOP 1
IPHC CNRS 1
ICTP 1
ESS 1
ALBA Institute 1
University of Hamburg 1
University of California Berkeley 1
University College London 1
PSI 1
Senegalese Ministry of Education 1
Cadi Ayyad University 1
Weizmann Institute 1
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and accommodation support from the home institutes of lecturers was crucial for ASP2018 and164

represents significant fraction of the total travel budget for the lecturers.165

Further details on the usage of the funds, in particular for the students, can be found in166

Section 5.1.167

3.4 Student Selection168

We received 523 applications as shown in Figure 2: the international organizing committee set169

up a selection committee consisting of 28 lecturers to evaluate the student applications and170

retain the ones best suited for the school. Each student application consisted of a Curriculum171

Vitae, a letter of recommendation, a letter of motivation and university transcripts. We selected172

85 students in the male:female ratio of 50:35 from 26 countries, as shown in Figure 3. The total173

number of students selected was dictated by budget constraints and the logistical support of174

the host country. There were 14 Namibian students among the 85 selected.175

There were 14 declinations from the original 85 selected students and in the end, a total of176

71 students participated in ASP2018. Of the 71 students, one was the USA, 12 from Namibia177

and the rest from other African Countries.178

Further details on the profiles (age, university level, and area of study) of the selected179

students are shown in Figures 4–6.180

4 ASP2018181

In this section, we report on the school itself, i.e., the running of the school during the period of182

June 24–July 14, 2018. A few of the photographs taken at the school are shown in Appendix A.183

4.1 Logistical Support184

The support provided by the host country in terms of infrastructure is essential to the success185

of the school. The logistical support offered by the host country is one of the criteria in the186

selection of the venue as explained in Section 3.1. In this section, we provide some feedback on187

the logistical support for ASP2018.188

The ASP2018 was hosted at UNAM and NUST in Windhoek, Namibia. The lecture halls189

could accommodate all the students (or high school teachers), lecturers and organizing com-190

mittee members for plenary sessions, an atmosphere that encouraged questions from the par-191

ticipants and invited discussions. The facility also offered different halls and rooms for coffee192

breaks, lunch and breakout sessions for small group topical discussions. The lectures that193

required hands-on computing (Grid computing, ROOT, Monte Carlo Generators and GEANT-194

4 [7] exercises) were carried out in the lecture halls equipped with PCs.195

The student and high school teachers activities took place at UNAM whereas the ASP196

conference and Forum took place at NUST. Activities for the high school learners took place197
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Figure 2: The distribution of the ASP2018 students. The numbers of applicants (total and
female) per country are shown.
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Figure 3: The distribution of the selected students that attended the school by country of
citizenship.

Figure 4: The selected student age distribution.
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Figure 5: The university degrees pursued by the students at the time of their participation in
the school.
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Figure 6: The major areas of concentrations in the selected students university education.
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at selected high schools—see Section 4.2 for details.198

The local and international students were hosted at the UNAM dormitories, to create an199

atmosphere of increased interactions and networking among the students.200

Lecturers were hosted at various hotels in Windhoek. Interactions between lecturers were201

useful to fine-tune and adapt the materials presented to the students.202

The logistical support offered to the ASP2018 created a friendly atmosphere during the203

school. It allowed the students to interact with the lecturers and with the other students.204

It also made the presentation of the course material and the discussion sessions easy and205

hassle free. Furthermore, the necessary equipment for the practical sessions in computing were206

available and worked well. The available Internet bandwidth did allow for video conferencing,207

live web-cast connections to the International Conference on High Energy Physics (ICHEP208

2018) which was taking place in parallel in Seoul, South Korea. Through the video conference,209

a discussion session was organized on July 7 2018 between the participants at ASP2018 and210

ICHEP 2018 with the theme ”life as physicist”. This discussion session allowed the ASP2018211

students to ask questions and hear about the experiences of professional physicists.212

A professional filming team was available during the ASP2018. Video clips of the various213

activities of ASP2018 is available in Ref. [1], a few selected photos are shown in Appendix A214

and more photos are available in Ref. [1].215

The logistical support contributed significantly to the success of ASP2018.216

4.2 Lectures for Students217

The details of the lectures, discussion and practical sessions for students are documented in218

Ref. [9] and followed the main topics as outlined in Section 3.2. The theoretical physics theme219

was concentrated in the first week of the school. The Experimental Physics theme dealt with220

what we know about fundamental physics including experimental results and methods. It221

formed the core of the lecturers in the second week. The scope of the third week’s courses was222

for the students to learn the basics applications of fundamental physics.223

4.2.1 Theoretical Physics224

The theoretical physics theme was concentrated in the first week of the school. The focus was225

on theoretical nuclear and particle physics, with the emphasis on particle physics, and the main226

purpose was to describe the Standard Model of particle physics, including its foundations in227

quantum field theory. Additional main topics included physics beyond the Standard Model,228

the interplay with astro-particle physics and cosmology, particle physics phenomenology, and229

Monte Carlo generators.230

A Linux boot camp session was organized to introduce the students to the basics of Linux.231

This was essential for the subsequent hands-on tutorials and exercises in Monte Carlo genera-232

tors, Geant-4, ROOT and Grid computing.233
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4.2.2 Experimental Physics234

The Experimental Physics theme dealt with detectors, experimental methods and data analysis.235

It formed the core of the lecturers in the second week. A significant part of it focused on reviews236

of the existing body of experimental knowledge, including particle physics, nuclear physics, and237

material physics. The participants were also given a thorough review of the extremely versatile238

range of modern particle detectors, such as those employed by the LHC experiments [10].239

Further, a course on data analysis and statistical treatments gave participants an introduction240

to how raw data is transformed into final measurements, including calibrations, backgrounds241

and uncertainty estimations.242

4.2.3 Applied Physics243

The scope of the third week’s courses was for the students to learn the basics of particle acceler-244

ator technology and applied physics. The scientific disciplines of medical physics and material245

science were discussed. The first section of the third week was dedicated to understanding246

the beam physics behind the design of a particle accelerator, light sources and their applica-247

tions and high performance computing. The second section of the third week was dedicated to248

accelerator based medical physics, nanotechnology and solar energy applications.249

4.2.4 Information Technology and Grid Computing250

The Grid Computing section of ASP consisted of lectures from members of the Distributed251

Organization for Scientific and Academic Research (DOSAR) and the Open Science Grid (OS-252

Grid). The two-day sessions (in the third week of the school) covered a range of topics related253

to distributed computing theory and applications in traditional lectures and dedicated a large254

fraction of time for various hands-on practice opportunities.255

The opening lectures of the school were designed to show and teach students the concepts256

of Grid Computing. Examples of different types of academic and research computing and257

their uses were shown. The results of actual analyses carried out on the OSGrid which uses258

high-throughput computing were presented and demonstrated the access to a massive amount of259

computing power that is distributed all over the world through the Grid Computing technology.260

Students were led through a variety of hands-on exercises that demonstrated the funda-261

mental concepts of Distributed High-Throughput Computing (DHTC), such as sustained com-262

putation, reliability, and workflow management. While many of these concepts were new to263

most students, they began to pick up on the concepts and to understand how these computing264

resources could be used to further their own research.265

The final example the students worked through was to use a program called ROOT to266

perform an analysis of actual data from the LHC at CERN. This exercise depicted just a small267

part of the massive workflow that the LHC experiment uses to analyze their data. Students268
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were able to see the results on their computers as their Grid computing jobs complete and269

return the outcome.270

Good coordination with the local computing administrators and additional work by lecturers271

done remotely prior to the school led to a smooth roll out of the CentOS6 Linux system to all272

computers used by the students. The exercises ran without delay or issue during the school273

because of these efforts.274

Theoretical and experimental topics were included in practical sessions on doing event gen-275

eration and Monte Carlo simulation (using GEANT-4 [7]) on the Grid. Introduction to the276

data analysis framework ROOT [8] and practical sessions on data analysis on the Grid, using277

ROOT were covered.278

4.3 Workshop for High School Teachers279

A parallel scientific program was organized for high school teachers. The objective was to sup-280

port teachers growth in the planning and delivery of instructions in physics and mathematics.281

Sixty-two high school teachers from Namibia attended a one-week workshop on July 2–6, 2018.282

The participating high school teachers were selected by the local organizing committee and the283

Namibia Ministry of Education, Arts and Culture. The teachers were hosted at the UNAM284

dormitories and the scientific activities took at UNAM in parallel to the student program. The285

teachers also attended the Physics Education and Physics Communication sessions of the ASP286

conference, and one of the teachers served on a panel for discussions on science education and287

capacity development in Africa. Other details about the scientific program for the teachers can288

be found in Ref. [11].289

4.4 Outreach for Secondary Schools290

We also organized outreach programs for the 39 high schools in the Khomas region of Namibia291

during the week of July 9–12, 2018 [12]. The objective was to motivate pupils to develop or292

maintain interest in physics and related disciplines. Each of the high schools identified 40–50293

pupils of the tenth to the twelfth grade to participate in the programs. This amounted to294

upwards of one thousand-five-hundred pupils. In order to effectively cover that large number295

of pupils in one week, four of the high schools were selected as the venues, namely Windhoek,296

Shifidi, Chairman MDSS, and Concordia College High Schools. We visited one of these venues297

a day. The pupils from five or six high schools congregated at the venue that we visited on298

that day, in the morning and a different set of five or six high schools in the afternoon. This299

allowed for a coverage of about ten high schools in day for a fixed program of four hours in300

the mornings and in the afternoons. As a result, each session in the morning or afternoon301

contained on average 200–250 pupils. A group of five or six lecturers, supported by members302

of the local organizing committee, covered each of of the high school sessions. Details on the303
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scientific program for pupils can be found in Ref. [12].304

4.5 ASP Conference305

An international conference was also organized on June 28–July 4, 2018 with the objective to306

attract ASP student alumni, African research faculties to present and discuss their research307

work, network and establish new collaborations with other participants. The conference at-308

tracted about sixty extra international participants—in addition to the lecturers, selected stu-309

dents, and high school teachers—that might not have attended ASP2018. Indeed, given the310

volume of student applications, former ASP participants have low priority to be selected for311

the current edition of the school. Also, African research faculties that are not invited lecturers312

have no opportunity to attend ASP. The conference addresses these concerns by providing a313

platform of an international gathering of experts with interactions and networking with ASP314

selected students and high school teachers. The scientific program at the conference included315

invited and contributed talks in nuclear & particle physics, astrophysics & cosmology, accelera-316

tor, radiation & medical physics, renewable energies & energy efficiency, material physics, high317

performance computing, physics education and physics communication. Since the students and318

teachers programs were designed along the same topics, the ASP conference provided additional319

plenary, discussion and poster sessions to support the pedagogical activities of the students and320

the high school teachers. The Namibia Deputy Minister of High Education, Training and In-321

novation (HETI) gave the guest of honor address during the opening session of the conference.322

The proceedings of the ASP conference are in preparation to be published as a special issue323

of the African Review of Physics [13]. Further details on the ASP conference can be found in324

Ref. [14].325

4.6 Discussion Sessions326

Some of the academic lectures were organized as discussion sessions. The students were di-327

vided into two small groups. The topics of the discussions and relevant reading materials were328

distributed to the students well in advance. These discussion sessions were guided and mod-329

erated by a few lecturers. The topics that were not sufficiently addressed during the lectures330

were assigned as homework to be researched further, and covered during subsequent discus-331

sion sessions. Some of the lecturers spoke both English and French and this was very useful332

to the French speaking group of students, and it increased their levels of participation in the333

discussions.334

These sessions not only provided the necessary time to discuss and thus crystallize the335

content of the academic lectures, but it also allowed to create a spirit of dialogue between336

students and lecturers that in turn made the lectures lively. Knowing better the needs of the337

students was a very important input for the lecturers to understand how to best focus their338
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lectures.339

These sessions were extremely profitable for both students and lecturers and have con-340

tributed to the success of the school.341

Similar discussion session sessions were also carried out during the workshop for the high342

school teachers and the outreach to the secondary schools.343

4.7 Practical Sessions344

To complement the lectures, practical exercises and tutorials were organized, on Monte Carlo345

event generators, GEANT-4 [7] and FLUKA [15, 16] simulations, on data acquisition and on346

data analysis in ROOT [8], to give the students “hands-on” scientific training. During these347

practical sessions, the students became acquainted with the use of GEANT-4 as a package for348

detector simulations not only in nuclear and particle physics but also in related applications349

such as medical physics, the use of ROOT as a data analysis took kit, and the use of the Grid350

for high performance computing.351

Demonstrations of the usage of cloud chambers as a simple example of particle detectors352

were carried out for students, teachers and high school learners. The high school teachers353

were introduced to mathematical teaching tools based on the Raspberry Pi. Particle physics354

masterclasses were organized for students and high school teachers.355

These sessions have been highly appreciated by the participants mostly because of the very356

high level of preparation of these classes. A tremendous effort was made by the lecturers357

to prepare well suited and captivating exercises. Many participants have requested possible358

extensions of these practical examples and the methods to install all the necessary software on359

their personal computers. As was the case for the academic lectures, the participants were very360

lively and enthusiast in participating in these practical sessions.361

The hands-on experience has been invaluable in helping the participants to relate the very362

large amounts of concepts they have been taught in the academic lectures to more tangible363

facts. It also gave an opportunity to the participants to discuss and interact more among364

themselves.365

The practical sessions were therefore an essential ingredient to the success of the school.366

4.8 Student Poster and Oral Presentations367

The students were encouraged to prepare posters on their current research activities. Some368

of the students brought their posters with them to Windhoek. Other posters were printed369

during the school. Poster session was integrated with the ASP conference. The students were370

able to display their posters for several days to allow all the participants to learn more about371

their research projects. Lecturers were assigned to review the posters and select the three best372

ones. The criteria for selecting the three best posters consisted of: the clarity of the poster,373
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the contribution of the student to the research presented in the poster, and the student’s oral374

description and presentation of the poster.375

The three students with the best posters were awarded a scholarship in the amount of e1000376

each to be used for one or the combination of:377

• academic travel costs, to a conference, workshop or school relevant to the student;378

• or participation in the next school, ASP2020, to mentor the new students.379

To be eligible to receive this award, the student must still be enrolled in an academic380

institution, working towards an academic degree or training. The e3000 reserved for the381

student poster awards are reflected in Table 3.382

Some students also gave oral presentations of their research work as contributed talks during383

the ASP conference, and also during the third week of the school. This provided an opportunity384

to know more about the students in order to design an effective mentorship program. Three385

students with the best oral presentations were also allocated e1000 each as described above for386

the poster awards.387

4.9 ASP Forum388

The Outreach/ASP Forum [17] was held on July 4, 2018, with the goal of sharing ideas389

oriented towards building international collaborations and developing innovative technology in390

partnership with universities, national laboratories, the government and industry. The forum391

day consisted of lively discussions and debate about education and capacity building in Namibia392

and Africa in general.393

The Namibia Depute Minister of Education, Arts and Culture gave an inspiring speech394

highlighting the prime importance of education as vector of development in Africa. Education395

and outreach efforts by the ICTP were presented. Feedback from the participating students396

were also discussed. The ASP mentorship program was introduced. Some of the other top-397

ics discussed during the ASP Forum included the South Africa–CERN program, and beyond398

capacity development for the retention of trained African nationals with African institutes.399

4.10 Excursions and School Dinner400

During the school, inter-cultural understanding and networking was encouraged and enhanced401

by providing non-academic settings where the students could interact with one another and with402

the lecturers and gain an enhanced understanding of the cultural and natural environment of403

the host country, Namibia.404

There were organized excursions to the Okapuka Ranch [18] on June 30, 2018, and also to405

see the H.E.S.S. telescopes [19] on July 7, 2018.406
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The European Union (EU) Delegation in Namibia helped sponsor the school dinner during407

the evening following the ASP Forum [17], on July 4, 2018. It consisted of a buffet meal of a408

variety of dishes that catered also to the need of vegetarian participants. During the dinner,409

the head of the EU delegation in Namibia gave an inspiring talk to motivate the participants.410

5 Follow-up411

In this section, we discuss activities after the school. These include balancing the budget, the412

feedback from the students and maintaining contact with the students through the mentorship413

program.414

5.1 Balancing the Budget415

The main priority of the budget was to:416

• organize and run ASP2018 with a full coverage of the travel, accommodation and living417

expenses for African students;418

• also invite students from elsewhere to provide a multicultural setting, meant to initiate419

networking and to share experiences in learning physics and pursuing research in this420

field.421

As shown in Table 1 and Table 3, the estimated budget covered very well all the expenses of422

the school. Most of the support received for ASP2018 were used towards student participation423

and expenses as can be seen in Table 3. There is a surplus of about e23000. This is due424

to the fact that our original budget was for 85 selected students but 14 students declined the425

invitation or could not attend ASP2018 because visa or personal problems, or opted to attend426

a different education program. We were able to replaced 2 declinations from the waiting list in427

time but it was too late to replace all the declinations. Of the 12 students that did not attend428

ASP2018, two were Namibians, one Palestinian and the rest from other African countries. The429

expected coverage for the twelve students that could not attend ASP2018 was about e21000.430

The actual expected surplus to cover contingencies was about e2000. We propose to use the431

surplus of funds to invite ASP student alumni to attend the ASP conference during ASP2020.432

5.2 Feedback433

The ASP2018 experience was extremely valuable for all the participants. The inspirational434

enthusiasm of the participants at ASP2018 exceeded our expectation and we have received435

much positive and constructive feedback. Some feedback from the participants is available in436

Refs. [20].437
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Table 3: Summary of the expenditures made from the base budget of ASP2018 as described in
Table 1. The lecturers travel and accommodation costs covered by external sources as described
in Table 2 are not reported here.

Expenses (e)

School Running Costs 71694
Students & teachers lodging accommodation N$252327 (15210)
Catering N$606217 (36513)
Lecturers accommodation N$67060 (4143)
Entrance visa fees N$58750 (3629)
Local transportation N$52722 (3190)
Dry ice and Isopropyl alcohol N$1645 (102)
Medications & medical bills N$10054 (621)
Coverage for LOC support staff N$73550 (3332)
Excursion N$14700 (908)
Promotional items (Spice Corporate Namibia) N$36327 (2242)
Custom and duty charges on equipment N$28167 (1736)
LOC telephone calls N$1080 (67)

Travel Costs 56129
Students 45238
Lecturers & invited speakers 10891

Experimental Physics Equipment $3992 (3519)

Other Expenditures and Overheads 1309
USB memory sticks & protractors $403 (355)
Shipping $265 (234)
ASP2018 poster printing & distribution R12048 (720)

School Dinner & Entertainment N$61828 (3725)

Awards for the 3 Best Student Posters 3000
Awards for the 3 Best Student Oral Presentations 3000

Total Expenses 142376
Twelve student declinations 20932

Total Budget 165467
Expected Surplus 2159
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5.2.1 Feedback From Students438

In order to understand the impact of ASP2018 from the student perspectives two surveys were439

prepared. The first survey was designed to complete our database and provide us with easy440

and accessible basic information such as the home institute and degree of each student. The441

second survey was designed to provide us with feedback about the quality of the school in order442

to take this into consideration in future versions of the school. A few students also shared443

their feedback through personal emails to the organizers. The following is a summary of these444

surveys and feedback. Fifty-six of the seventy-one students responded to the surveys.445

It seems that most of the students heard about the school through word of mouth, adver-446

tisement in their departments or recommendation from their supervisors or colleagues.447

By attending ASP2018, most of the students were expecting to learn more about the in-448

ternational physics community, to make contacts through networking with lecturers and to get449

more information about scholarship and fellowship opportunities. Some were also seeking to450

get ideas for their future research as well as connecting to other African physicists. Most of451

these expectations were met to a good extent. These results are summarized in Fig. 7.452

Some of the common suggestions to improve the school include increasing the computer lab453

sessions in order to get more hands-on experience as well as decreasing the variety of physics454

topics covered in the school. The student’s level of satisfaction is shown in Fig. 8.455

In response to whether or not the students are interested in scholarship opportunities, most456

of them stated that they would be interested in fellowship opportunities in North America,457

Asia, Europe and Africa, see Fig. 9.458

Figures 10 summarizes the rating of the lecturers in terms of content of the lectures, clarity459

and easiness to follow, the speed of the lectures, etc. Overall, the students were very satisfied460

with the quality of lecturers.461

Figure 11 shows the student feedback on each of the lectures and discussion sessions during462

the school.463

The student feedback on the various aspects of the organization of ASP2018 is shown in464

Fig. 12.465

A large number of the lecturers were fluent in English and French, and when necessary took466

questions ans answered in French. This improved greatly the understanding of French speaking467

students as shown in Fig. 13.468

5.2.2 Feedback From High School Teachers469

In a survey at the end of the workshop, similar to the students survey described in Section 5.2.1,470

high school teachers were asked to rate aspects of the workshop from 1 to 5, with 5 being the471

highest rating. Almost all of the responses were 4’s and 5’s with only 10% of responses less472

than these; the most common response was 4. The teachers overall rating for the workshop is473

shown in Figure 14.474
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Figure 7: Impact of ASP2018 on the students. The students asked: “On a scale of 1 to 5;
where 1 is not impact at all, 3 is somewhat of an impact, and 5 is a major impact; how much
of an impact do you believe that participation at the ASP2018 as had in term of...”
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Figure 8: Satisfaction of the students and their willingness to attend the school again. In
the top plot, the students were asked: “On a scale of 1 to 5; where 1 is not satisfied, 3 is
somewhat satisfied, and 5 is very satisfied; how satisfied are you with your overall experience
at ASP2018?” In the bottom plot, the students were asked: “Will you recommend the school
to your colleagues?”
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Figure 9: Student interest in fellowships and scholarships. Here the students were asked: “Are
you interested in fellowships/scholarship opportunities?”
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Figure 10: Student feedback on lecturers. In the top plot, the students were asked: “On a scale
of 1 to 5; where 1 is terrible, 3 is good, and 5 is great; how would you grade the lecturers in the
following areas?”. In the bottom plot: “Does the broadness of subjects taught make it difficult
to digest the class materials?”
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Figure 11: Student feedback on each of the lectures and discussion sessions. The students were
asked: “On a scale of 1 to 5, where 1 is terrible, 3 is good, and 5 is great, how would you rate
the lecture based on the content and material, clarity and easiness to follow?”

28



Figure 12: Student feedback on the various aspects of the school. The students were asked:
“On a scale of 1 to 5; where 1 is terrible, 3 is good, and 5 is great; how would you rate the
following aspects of the school?”
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Figure 13: Lecturer’s fluency in both English and French greatly improved the participation of
the students.

Figure 14: The overall impression of the high school teachers regarding the teachers workshop.
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Teachers were also able to leave comments. The most relevant and useful were:475

• the content of the workshop was extremely beyond our curriculum and level of under-476

standing. It could have been interesting if one had a theoretical background of what was477

being discussed;478

• the workshop was well organised and we learned a lot on the fundamental physics which479

can be used to introduce physics topics to the pupils;480

• we think that there is a need for further workshops of this kind to equip teachers with481

advanced knowledge and skills;482

• such types of workshops are more needed to update us on new developments (discoveries)483

in physics;484

• some were initially overwhelmed with all the new terms and topics but as the work-485

shop continued, it started to grow on them, and they really enjoyed learning new things486

throughout the week.487

5.3 Maintaining Contacts with Students488

5.3.1 Networking489

It was emphasized throughout the school that the students are main actors in their research490

careers. However, with a focus on empowering the students to make their own career choices,491

and in the spirit of increased networking, some career guidance and mentoring was given during492

ASP2018, by sharing with the students the websites where typically doctoral and post-doctoral493

research positions are publicly advertised, and by organizing a dedicated session on how to494

apply for high education opportunities and alternative career choices.495

In order to retain contact with the students, a email group list was set-up through CERN [21]496

and a social networking Facebook page [22] was created to share news and information. This497

has proved to be extremely helpful in communicating interesting physics news to the students498

and in getting updates on their evolving career paths. The email group list now contains the499

students of ASP2010–18.500

In order to identify a suitable host country and institution for the next ASP school, the501

contact with the existing students has already proved invaluable, in connecting through them502

to their universities and institutes to build potential future collaborating partnerships, and to503

solicit institutional feedback on the impact of ASP.504

5.3.2 ASP Mentorship Program505

After each edition of ASP, and between consecutive editions, hence continually, the IOC man-506

ages a mentoring and coaching program for ASP student alumni. This is done in collaboration507
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with the academic advisers of the students. The student alumni are paired up different ASP508

lecturers whose roles are to follow the academic progress of the students and help as much as509

possible in the academic development of the students. This program allows the ASP organiz-510

ers to maintain contacts with the students after their participation in the school. Many ASP511

alumni are currently benefiting from this organized support structure that also allows the IOC512

to better answer the question: “What happens to the students after their participation in an513

edition of ASP?”514

It is often the case that passing on knowledge is one of the greatest challenges facing human515

kind today. While it is hard to pass on, when well directed, passing on Knowledge can be very516

successful tool of achieving greatest goals. While experience is the best teacher, attentiveness517

can take us to greater and advanced degree of knowledge. Learning is a cognitive process that518

involves management of ones abilities through effective processes.519

The objective of the mentorship program is to aid mainly PhD students after their par-520

ticipation in ASP to reach their goal of completing their PhD with assigned ASP lecturers as521

mentors. The ASP mentors are not replacements or substitutes of the students academics ad-522

visers. Rather, ASP mentors work together with students academic advisers for greater impact.523

The ASP mentors are volunteers physicists that have lectured at one of the previous editions524

of ASP.525

The student are selected after satisfying a comprehensive application process. Through the526

mentorship program, it is possible to:527

• gauge the impact of ASP;528

• support ASP student alumni;529

• identify obstacles;530

• study problem solving trends;531

• help manage, direct and differentiate between the different types of supports;532

• identify more physics research and education related challenges in Africa.533

The ASP mentorship program was formalized soon after ASP2016. Currently, 22 ASP534

alumni studentsgoing back all the way to ASP2010, and 19 ASP lecturers are involved in the535

program as mentors. A new cycle of the mentorship program is being initiated after ASP2018.536

6 Outlook537

The success of the school is due to the financial support from various institutes in the USA,538

Europe, Asia and Africa, to the dedication of the organizing committee, to the devotion of539

the lecturers, and to the interests of the students themselves. Many students in Africa face540
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challenges in terms of the logistical support, the quality of education and the opportunity for541

higher education abroad. Some of us in the organizing committee had faced these challenges542

ourselves. It is often the case in Africa that even the best students do not have the needed543

support to succeed or to acquire the necessary skills to be competitive at an international level.544

It was particularly important for the ASP2018 organizing committee to help resolve some of545

the challenges that students from Africa face. It is not to suggest that this particular school has546

solved all the issues. However, it is hoped that this school was useful in terms of networking,547

which in turn will help prepare the students to find practical answers to many issues that they548

may need to resolve.549

Looking at the long term objectives (to help improve high training and education in Africa)550

that motivated the organization of ASP2010–18, the current success, although encouraging,551

is rather limited in scope. Firstly, the school resources only allowed for 85 students to be552

accommodated in ASP2018. That was sufficient for the efficient management of the school but553

it is only a small step in the right direction to making a significant impact. About thirty other554

good students could not attend the school due to logistical constraints and late declinations that555

could not be replaced promptly. Secondly, the duration the school, although appropriate given556

the constraints from the budget, students and lecturers, could not allow for a more extended557

coverage of the topics that were presented. Thirdly, the budget available for the school could558

not allow a longer duration with more time spent on the details of each topic. All these are not559

a failure of ASP2018 but rather a motivation to work harder towards the original objectives by560

organizing the school again in the future, and in doing so, truly contribute in a significant way561

to development in Africa.562

To improve the organization of future ASP, it is desirable to:563

• have a unique venue for all the ASP events, some of which may be occurring in parallel;564

• achieve a better integration of the ASP scientific program so the ASP conference, the565

students, the high school teachers and the learners programs support each other for566

increased networking and sharing of knowledge and expertise;567

• establish a procedure where late student declinations can still be replaced from the student568

waiting list.569

To build up on the successes of ASP2010–18, the organizing committee proposes the firth570

edition of the school in 2020, ASP2020, but in a different African country. The committee had571

already explored this option and Morocco was selected to host ASP2020.572

7 Conclusions573

For the past few years, a group of local and international organizing committee members have574

worked hard to prepare for the fifth biennial school of fundamental physics and its application575
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in Africa. Finally, the efforts of the organizing committee and all the supporting institutes and576

concerned individuals paid off and the school took place in Windhoek Namibia on June 24–July577

14 2018. A total of seventy-one students from all over Africa (one from the USA) attended the578

school. Sixty-two high school teachers from all over Namibia attended a one-week workshop579

designed to improved their physics teaching skills. A one-week outreach was also organized with580

the participation of over one thousand-twelve-hundred pupils from the thirty-nine high schools581

of the Khomas region of Namibia. The scientific program was complemented with a one-week582

physics conference to draw the participation of ASP alumni and African research faculties that583

could not have otherwise attended ASP2018. A forum was also organized to discuss capacity584

development in Africa and how ASP can better support the education and research priorities585

of African countries. There was also the participation of high profile international and local586

lecturers, and speakers who prepared and presented the materials taught during the school.587

Friendly atmosphere throughout the school encouraged direct contacts between the partici-588

pants, and to hear the the concerns of the participants about the possibility of pursuing higher589

education. The participants established contacts and network with the lecturers and speakers,590

and with other participants; we expect these connections to be useful to the participants and591

to be maintained far the beyond the school itself. Social events were organized, and these592

encouraged further interactions among the participants. Feedback from students and lecturers593

suggests that it was a successful and well received school, and that there is a demand for the594

school to be organized every two years.595

Acknowledgments596

We would like to thank the universities, research institutes and government agencies that pro-597

vided the funding for ASP2018, namely, ICTP (Italy), INFN (Italy), CERN, IUPAP, PSI598

(Switzerland), EPS, NRF and DST (South Africa), BNL (USA), DESY (Germany), University599

of Namibia, the Namibia University of Science and Technology, the National Commission on600

Research, Science and Technology (Namibia), the Namibia Ministry of Education, Arts and601

Culture, the Namibia Ministry of Higher Education, Training and Innovation, Shui-Chin Lee602

Foundation For Basic Science (Taiwan), the European Union Delegation to Namibia, University603

of the Witwatersrand (South Africa), and the Inter-University Council for East Africa.604

We also thank the institutes and universities that provided travel funds for lecturers and605

speakers at the ASP2018 namely, CERN, BNL, INFN, ICTP, King’s College London, Univer-606

sity of Oklahoma, CNRS-IN2P3, ESS, Academia Sinica, University College London, Jefferson607

Lab, DESY, Hamburg University, ALBA Institute, University of Notre Dame, IPHC CNRS,608

PSI, University of California Berkeley, Senegalese Ministry of Education, Weizmann Institute,609

iThemba LABS, University of Cape Town, University of Johannesburg, UNISA, University of610

Pretoria, University of the Witwatersrand, Lund University, Uppsala University, Rowan Univer-611

34



sity, South African Astronomical Observatory, Nelson Mandela University, Dunlap institute for612

Astronomy and Astrophysics, University of Toronto, University of Nairobi, East African Insti-613

tute for Fundamental Research, Mainz University, Max-Planck Institut, Université Mohammed614
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A Selected Photographs of ASP2018685

Figure 15: Group photograph of students and lecturers in the first week of ASP2018. Courtesy
of Gilbert Tékouté.
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Figure 16: Photograph of high school teachers and lecturers during the second week of ASP2018.
Courtesy of Gilbert Tékouté.
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Figure 17: Photograph of high school learners and lecturers during the third week of ASP2018.
Courtesy of Gilbert Tékouté.
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Figure 18: Photograph of participants at the ASP2018 conference. Courtesy of Gilbert Tékouté.
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