10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

The African Strategy of Fundamental
and Applied Physics

Report of the 2020-2025 Community Study
on the Current and Future of Fundamental
and Applied Physics in Africa

Organized Through Broad Grassroots
Community Consultations

Steering Committee:
Kétévi A. Assamagan, Simon H. Connell, Farida Fassi,
Fairouz Malek, Shaaban I. Khalil

ACKNOWLEDGEMENTS

The African Strategy of Fundamental and Applied Physics brought together over 600 participants worldwide
to develop a strategic vision, with practical recommendations, to enhance physics research and education in
Africa.

We would like to thank the AfPS who issued the mandate to do ASFAP. We also thank UNESCO who
recognized the value of ASFAP, endorsed it and offered some much needed financial support that sustained
the process to finalization; we are grateful to UNESCO for editing, formatting and distributing this report
to its member states. We thank all the institutes that endorsed ASFAP—their logos are shown in Figure 2-1.
Special thank to the ASFAP working group conveners and participants who responded the call and stepped
forward to participate with no financial support or remuneration; it is their dedication to stay the course
in spite of overwhelming challenges that resulted in the successful completion of this report. We also thank
the observers and the International Advisory Committee for valuable feedback. We appreciate the financial
support from Prof. Young-Kee Kim, a support that facilitated the ASFAP working meeting in Cairo in
December 2024.



Community Planning Exercise: ASFAP 2020{2025



Contents

» 1 Foreword 1
s 2 Executive Summary 3
2 3 Ethics in Physics 17
2 3.1 Introduction . . . . . . e e 17
20 3.2 Coreprinciples . . . . . . . e e 18
30 3.2.1 Support and respect of fellow community members . . . . . .. ... ... ..... 18
E 3.2.2 Commitment to constructive dialog . . . . . . . .. .. .. ... ... . ... ..., 18
2 3.3  Community guidelines . . . . . . . . . e e 19
33 3.3.1 Authorship . . . . . . e 19
3 3.3.2 Email Communication . . . . . . . . . ... 19
3 3.3.3 Guidelines on Virtual Meetings . . . . . . . . . . . . e 19
36 3.4 ConcClusion . . . . . . 20
a7 3.5 Recommendations . . . . . . . . . . 20
s 4 Observers Committee Report 23

39 4.1 IntroduCtion . . . . . . L e 23
40 42 Earlystage . . . . . e 23
a 4.3 Laterinthe ASFAP ProCeSS . . . . . . . i i it e 23
a2 4.4  COMMENTS . . . . o o e e e e e 24
a3 4.5  Recommendations for grassroots strategy development . . . . . . ... ... ... ... ... 24
« 5 Community Engagement 27

as 5.1  IntroduCtion . . . . . . . . 27
a6 5.2 Principles and De nitions . . . . . . . . . . e e 28

a7 5.3 Relationship between Community Engagement and Capacity Building . . . ... ... ... 28



48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

5.4  Physics engagement initiatives . . . . . . .. L. 30
54.1 Astro-STEM workshop and mentorship programme for teachers and high school
students in rural Kenya- Elimisha Msichana Elimisha Jamii [39] . . ... ... .. 30
5.4.2 Science and society events: the Week of Science and Technology in DRC . . . . . . 32
5.4.3 Winning the Hearts of Students for Science: An Algerian Experience . . . . . . .. 33
544 Inspiring Senegalese Youth through Stellar Occultation Campaigns . . . . . .. .. 34
5.4.5 Physics communication viamedia . . . . . . ... ... L oo 35
5.4.6 The African School of Physics . . . . . . .. .. . ... .. ... .. ... ..... 37
5.4.7 Open Science for Africa . . . . . . . . . 38
5.4.7.1 Value proposition of Open Science . . . . .. .. ... ... ....... 38
5.4.7.2 Open research data and FAIRdata . . . ... ... ... ........ 39
5.4.7.3 Trusted FAIR digital repositories . . . . . .. ... ... ... ..... 39
54.7.4 Research infrastructures and data . . . . .. ... ... .. ....... 39
5.4.75 Cyberinfrastructure ecosystems . . . . .. ... ... ... ... ... 39
5.4.7.6 Advancing Open Science in Africa . . . .. ... ... ... ....... 40
5.4.7.7 Open Science and Arti cial Intelligence . . . . ... ... ... ..... 41
5.4.7.8 Recommendations on Open Science in Africa . . . . ... ........ 41
5.5 Outreach Goals and community needs . . . . . . . . . . ... 41
5.6 Community Goals and Priorities . . . . . . . . . . ... e 43
B.7  Conclusion . . . . . . o 45
6 Physics Education 51
6.1  ADSIract . . . . . . e 51
6.2 Physics education goals . . . . . . . . .. e 51
6.2.1 Cultivating Scienti c and Technological Literacy . . . . ... ... ... ... ... 52
6.2.2 Developing 21st-Century Skills . . . . . . . . .. ... 52
6.2.3 Enhancing Africa's Capacity for Innovation . . . ... ... ... ... ....... 52
6.2.4 Promoting Sustainable Development . . . . . . .. .. .. ... ... L. 52
6.2.5 Addressing the STEM Gender Gap . . . . . . . v v v i i i i i e e e e 53
6.2.6 Supporting Teacher Training and Professional Development . . . . . . ... .. .. 53
6.2.7 Fostering International Collaboration and Knowledge Exchange . . . . . . ... .. 53

Community Planning Exercise: ASFAP 2020{2025



78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

929

100

101

102

103

104

105

106

107

6.3

6.4

6.5

6.6

6.2.8 Bridging the Gap Between Education and Industry . . . . . ... ... ... .. .. 53
6.2.9 Leveraging Technology for Inclusive Education . . . . .. .. ... ... ...... 54
Learning Approach and Challenges for Physics Education . . . ... ... ... ....... 54
6.3.1 Challenges . . . . . . . . e 55
Physics Education on an International Level . . . . . .. .. .. ... ... . L. 58
6.4.1 Leveraging Global Best Practices in Physics Education. . . . . ... .. ... ... 60
6.4.2 Fostering International Collaboration and Research Partnerships . . . . .. .. .. 60
6.4.3 Addressing Global Challenges through Physics Education . . . ... .. ... ... 60
6.4.4 Promoting Mobility and Knowledge Exchange . . . . . . .. ... ... ....... 62
6.4.5 Aligning with Global Standards in Physics Education . . ... ... ... ..... 62
6.4.6 Enhancing Digital Learning and Open Science Initiatives . . . . . . ... ... .. 62
6.4.7 Supporting Teacher Development through Global Professional Networks . . . . . . 63
6.4.8 Encouraging International Recognition of African Contributions to Physics . . .. 63
6.4.9 Facilitating Global Engagement in Space and High-Energy Physics . . . . .. . .. 63
6.4.10 Addressing the Global STEM Gender Gap . . . . . . . . . ... .. ... ...... 64
Major Challenges Facing Public Schools . . . . .. ... ... ... ... ... ...... 65
6.5.1 Lack of Qualied Physics Teachers . . . . . . . . . . . .. .. . . ... ... ..., 65
6.5.2 Inadequate Infrastructure and Laboratory Facilites. . . . ... ... ... ... .. 65
6.5.3 Overcrowded ClassSrooms . . . . . . . o o v v 65
6.5.4 Inconsistent Curriculum and Assessment Standards . . . . . ... ... ....... 66
6.5.5 Limited Access to Educational Technology . . . . . . ... ... .. ... ...... 66
6.5.6 Language Barriers and Code-Switching . . . . . . ... ... ... ... ....... 66
6.5.7 Socio-Economic Disparities . . . . . . ... 66
6.5.8 Gender Disparities in Physics Education . . . . . . ... ... ... ... ... 67
6.5.9 Inadequate Funding for Public Schools . . . . .. . ... ... ... .. ....... 67
6.5.10 Lack of Emphasis on Physics at the Primary and Secondary Levels . . . . ... .. 67
Physics Laboratories in High Schools . . . . . .. ... ... . . 68
6.6.1 Importance of Laboratories in Physics Education . . . . . . ... ... ... .... 68
6.6.2 Current Challenges Facing High School Physics Laboratories in Africa . . . . . . . 68
6.6.3 Recommendations for Improving Physics Laboratories in High Schools . . . . . .. 69

Community Planning Exercise: ASFAP 2020{2025



108

109

110

111

112

113

114

115

116

118

119

120

122

123

124

125

126

127

128

129

130

131

132

133

134

135

Vi

6.6.4 The Role of Laboratories in Promoting Careers in Physics . . . . . ... ... ... 69
6.7  Promotion of Active Learning . . . . . . . . .. 70
6.7.1 The Role of Active Learning in Physics Education . . . .. ... .......... 70
6.7.2 Challenges to Implementing Active Learning in Africa . . . . ... ... ...... 71
6.7.3 Strategies for Promoting Active Learning in African Physics Classrooms . . . . . . 71
6.7.4 Active Learning and Gender Inclusivity . . . . . . ... ... L oL L 72
6.7.5 Institutional and Policy Support for Active Learning . . . . . .. .. ... ... .. 72
7 Women in Physics 79
7.1  Introduction and motivation . . . . . . . . . 79
7.2 Goals, challenges and Solutions . . . . . . . . . ... e 81
7.2.1 Goals . . . 81
7.2.2 Challenges and Disparities . . . . . . . . . . . . 82
7.3 Personal Testimony by Dr. Iroka Chidinma Joy . . . ... ... ... ... .. ........ 85
7.31 Solutions and Recommendations . . . . . .. . ... . 86
7.4 ConcCluSion . . . . . 87
8 Young Physicists 91
8.1 Introduction and motivation . . . . . . . . . L 91
8.2  Goals, challenges, and solutions . . . . . . . . . . ... ... ... 93
8.3 Outlook . . .. 97
8.3.1 YPF at ASFAP Town Hall Meeting . . . . . .. ... ... . ... . .. ...... 98
8.3.2 Mission and Goals of the Long-Term Representation . . . . . ... ... ...... 98
8.4  Recommendations . . . . . . . . . . . 99
8.5 ConClUSION . . . . . . 100
9 Energy 103
9.1 Introduction . . . . . .. e e 103
9.2  Sources of energy and resources in Africa. . . . ... ... ... ... o 104
9.3  Energy pooling in Africa . . . . . . . . 109
9.4  Recommendations to address Africa's energy challenges . . .. ... ... .......... 110

Community Planning Exercise: ASFAP 2020{2025



136

137

138

139

140

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

Vi

10 Instrumentation and Detectors 115

10.1 Introduction and Motivation . . . . . . . ... 115

10.2 The landscape of experimental facilities in Africa . . . . .. ... ... ... ......... 115
10.2.1  OVEIVIEW . . o o o e e e e e e 115
10.2.2  Fostering research through collaboration . . . . . ... ... ... ... ....... 118
10.2.3  Obvious short comings in the eld of instrumentation . . . ... .......... 119

10.3 Analysis of submitted Letters of Intent related to instrumentation. . . . . .. ... .. ... 119
10.3.1 Letters of Intent: Step 1 - Categorize . . . . . . . . . . . . 119
10.3.2 Letters of Intent: Step 2 - Presentations and Discussions . . . . .. ... ... ... 120

10.4 Enhance capacity building in instrumentation, high priorites . . . . .. ... ... ... .. 122

10.4.1  Proposal for an International Center for Experimental Physics in Africa (ICEPA) . 123

10.4.2 Regional instrumental conferences and schools. . . . ... ... ........... 123
10.4.3 Small physics experimentation and the Internet of Things . . . . .. ... ... .. 124
10.5 Conclusion and perspectives . . . . . . . . . . e e 125
11 Accelerators 129
11.1 Introduction and Motivation . . . . . . . . . . 129
11.2  Accelerator Physics Capacity in Africa . . . . . . . . . . . . 131
11.2.1  The iThemba LABS . . . . . . . . . 131
11.22 CERD Nigeria . . . . . . 131
11.2.3 PELLETRON Accelerator in GHANA . . . . . . . . . . .. ... . . ... 132
11.3 Diverse Applications of Accelerator Physics Across Various Fields . . . . . . ... ... ... 132
11.4 Building a Pan-African Accelerator Network: Bridging Innovation, Collaboration, and Sci-
entic Growth . . . . . . . . 134
11.5 Synergies with neighboring elds . . . . . . . ... . . . . . 135
11.6 Clinical Linacs Driving Cancer Treatment Across Africa . . . . . . . . . . ... ... .... 136
11.7 Cyclotrons Capacities for Medical and Reserach applications . . . . . . . ... .. ... ... 139
11.7.1  Current Landscape of Cyclotron Facilities in Africa . . . . .. ... ... ... .. 139
11.8 Energy Recovery Linacs: A Pathway for Sustainable Particle Accelerators in Africa . . . . . 140
11.8.1 Introduction and Motivation . . . . . . .. ... 140
11.8.2 Challenges and Opportunities in Adopting ERLs . . . . . ... ... ... ..... 141

Community Planning Exercise: ASFAP 2020{2025



166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

182

183

184

185

186

187

188

189

190

191

192

193

194

viii

11.8.3 R&D Objectives and Capacity Building . . . . . ... ... ... ... .. ..... 141
11.8.4 Potential Applications of ERLs in Africa . . . . . . . . . ... ... ... .. .... 142
11.8.,5 Towards a Sustainable Future . . . . . . . ... ... 143
11.9 Recommendations . . . . . . . . . 143
11.10 Preliminary Results of the ASFAP Survey on Accelerator Physics . . . . ... ... ... .. 145
11.11 Conclusion and perspectives . . . . . . . . . . e e 146
12 Computing 153
12.1 Introduction and Motivation . . . . . . . ... L 153
12.2 Computing Challenges for Scienti ¢ Activities in Africa . . . . . .. ... ... ... .... 154
12.3 Status of Computing capacity in Africa. . . . . . . . . ... 155
12.3.1  Centre for High-Performance Computing (CHPC) { South Africa . . . . . ... .. 155
12.3.2  Africa Supercomputing Center (ASCC) { Morocco . . . . . . . .. .. ... .... 155
12.3.3 Bibliotheca Alexandrina High-Performance Computing Center { Egypt. . . . . . . 155
12.3.4 HPC Ecosystems Project Community Sites . . . . . ... ... ... ........ 156
12.3.5 Othercentresin Africa. . . . . . . . . . 156
12.4 Synergies with and contributions from neighboring elds . . . . .. . ... ... ... .... 157
12.4.1 Articial Intelligence . . . . . . .. . 157
1242  Quantum Computing . . . . . . . . o o e 158
12.5 High Priority Future Needs . . . . . . . . . . . . e 159
12.5.1 Computing resources and infrastructure . . . . .. ... ... ... .. ....... 159
12.5.2 Computing: Education, Training and Empowerment . . . . . .. ... .. ... .. 160
12,521  Education and Training . . . . . . . . . ..o 160
12.5.2.2  EmMpowerment . . . . . . . . . . e e 161
12.5.2.3  Distributed Computing . . . . . . . . .. 162
12.6 Recommendations and perspectives . . . . . . . . .. e 163
12.6.1 Develop computing infrastructure for research . . . . . . .. ... .. ... ..... 163
12.6.2 Build a sustainable, educated and trained community . . . . ... ......... 163
12.6.3 Harnessing Distributed computing and HPC centres throughout Africa . . . . . . 164
12.7 CoNCIUSION . . . . . . o 164

Community Planning Exercise: ASFAP 2020{2025



1

©

5

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

13 Earth Science 167
13.1 Introduction and Motivation . . . . . . . ... 167
13.2 The strategic importance of earth sciences to Africa . . . . .. .. ... .. ... ...... 167
13.3 The status of African contribution towards advancement of the earth sciences . . . . . . .. 168
13.4 Datacollection . . . . . . . . e 171
13.5 High priority future needs . . . . . . . . .. 172

13.5.1 Needs requiring high degrees of nancial support . . . . . ... ... ........ 173
13.5.2 Needs requiring lower degrees of nancial support. . . . .. ... ... ... .... 173
13.5.3 Other needs and suggestions arising . . . . . . .. .. ... ... . 173
13.6 Conclusions and perspectives . . . . . . . . . e e e e e e 174

14 Light Sources 179

14.1 Introduction and Motivation . . . . . . . .. L 180
14.1.1  General overview on Science Missions, challenges, and impact . . . . ... ... .. 180
14.1.2 Introduction to light sources, their scienti ¢, economic, and societal impacts . . . . 184
14.1.3  Motivation for establishing an African light source . . . . ... ... ... ..... 185

14.2 Major challenges . . . . . . . 189
14.2.1 Relevant scientic activities . . . . . . . . . .. 191

14.3 Synergies with neighboring elds . . . . .. . . ... . ... . ... ... .. 193

14.4 High-priority future needs . . . . . . . . 194
14.4.1 Prioritized domains and their relevant motivations . . . . . . ... ... ... ... 195

14.4.2 How can light sources tackle priorities and the future needs of Africa aligned with

the SDGS? . . . . . 195
14.5 Recommendations toward policy making and decisions . . . . .. ... ... ... ... ... 196
14.6 Conclusion and perspectives . . . . . . . . . e 197

15 Compact Light Sources and Applications 201

15.1  Introduction . . . . . . L 201
15.2 Physics of Compact Light Sources. . . . . . . . . . . .. e 202
15.3 \Various paradigms for CLS . . . . . . . .. 205
15.4 Physics and Research with CLS . . . . . . . . . . . . . .. . . . . e 206

Community Planning Exercise: ASFAP 2020{2025



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

2

N

6

247

248

249

250

251

252

15,5 Recommendations and Future Perspectives . . . . . . . . . . ... o oo 207
1551  STAR-Africa . . . . . . 209
15.6 ConcClusion . . . . . . . o 209
16 Condensed Matter and Materials Physics 213
16.1 Introduction and Motivation . . . . . . . . . .. L 213
16.2 Major challenges . . . . . . . . e 215
16.3 High-priority future needs . . . . . . . . . 223
16.4 Synergies with neighbouring elds. . . . . . . . . .. ... 226
16.5 Environmental and societal impact . . . . . . ... .. L 227
16.6 Conclusion and perspectives . . . . . . . . . . e e 227
17 Atomic & Molecular Physics 237
171 FOreword . . . . . . o 237
17.2 Working circumference . . . . . . . . . e e e e e e 237
17.3 Africa's productivity and contribution to the world research . . . . . .. .. ... ... ... 238
17.4 Education and research landscape in Africa . . . . . ... .. ... .. ... . ... ... .. 238
17.4.1 A survey of atomic and molecular probes on the continent . . . . . ... ... ... 238
17.4.2 Commendable e orts at the theoretical level . . . . . .. ... ... ......... 241
17.4.3 Intra-continental synergies . . . . . . . . . ..o 242
17.4.4  Capacity building: regional and continental initiatives . . . . . ... ... ... .. 243
17.4.5 Supercomputers and High-performance computing in sub-Saharan Africa: an im-
perative need . . . . . . .. e 244
17.5 Call for action: recommendations . . . . . . . . ... 244
18 Biophysics 249
18.1 Introduction and Motivation . . . . . . . ... 249
18.2 Biophysics and the UN SDGS . . . . . . . . . . e 251
18.3 Current Biophysics Research in Africa . . . . . . . . . .. . . . . . ... 252
18.4 Key Research Areas Requiring Biophysicists . . . . . . .. .. ... .. ... ... .. ..., 252
1841 Medicine. . . . . . 253
18.4.2 Agriculture and Food Security . . . . . ... e 254

Community Planning Exercise: ASFAP 2020{2025



253

254

255

256

257

258

259

260

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

Xi

18.4.3 Climate Change and Sustainability . . . . . .. ... ... ... .. ......... 255
18.5 Major Challenges to Growing Biophysics in Africa . . . . . .. .. ... ... ... .. ... 256
18.5.1 Vastly Inadequate Infrastructure and Resources . . . . . .. ... .. ... ..... 256
18.5.2 Very Low Critical Mass . . . . . . . . . . . . e 257
18.6 High-Priority Future Needs . . . . . . . . . . . 258
18.6.1 Capacity Building . . . . . . . . . e 258
18.6.2 Investment in Infrastructure and Equipment . . . . . . . .. ... ... ... ... 259
18.6.3 Low-Cost Innovations to Address Local Needs . . . . . . ... ... ... ...... 260
18.7 Synergies With Neighbouring Fields and Multinational Research Programmes . . . . . . .. 261
18.8 Conclusion and Perspectives . . . . . . . . . e 262
18.9 Acknowledgements . . . . . . . . e 262
19 High Energy Physics 265
191 OVEIVIEW . . o o o e e e e e e 265
19.2 Early history . . . . . . e 266
19.3 LHC PhySICS . . . . . o e 267
19.4 Neutrino Experiments and Dark Matter searches . . . . . ... ... .. .. ... ...... 274
19.5 Future EXperiments . . . . . . . .. e e e e e 275
19.6 Theory and Phenomenology . . . . . . . . . . e 276
19.7 Major Challenges Hindering the Growth of HEP in Africa and way forward . . . .. .. .. 277
19.8 Achievements . . . . . . . . . 279
19.9 Recommendations and Conclusions . . . . . . . . ... 283
20 Nuclear Physics 287
20.1 Introduction and Motivation . . . . . . . . 287
20.2 Overview of Nuclear training in Africa . . . . . . . . . . 288
20.3 Overview of nuclear research facilities in Africa . . . . . .. ... ... ... .. ....... 289
20.3.1 Researchfacilities. . . . . . . . . . .. 289
20.4 ASFAP related Activities for the Nuclear Working Group . . . . . . . . . ... ... . ... 290
20.5 Letters of Interest received . . . . . . . . L 291
20.5.1 NUPHAPHA-Nuclear Photonics Accelerated Physics for Africa . . . . .. ... .. 291

Community Planning Exercise: ASFAP 2020{2025



282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

Xii

20.5.2 The use of Am-Be neutron source for teaching and applied research. . . . . . . .. 2901
20.5.3 Unique Research Facilities at the SSC Laboratory in South Africa . . . ... ... 292
20.6 Synergies with neighbouring elds. . . . . . . . . . . ... . . . e 292
20.7 Environmental and societal impact . . . . . ... ... 292
20.8 Other collaborative e Orts . . . . . . . . . . . 293
20.8.1 Facility for Rare Isotope Beams (FRIB) . . . . . . ... ... ... ... ...... 293
20.8.2 Thomas Je erson National Accelerator Facility . . . .. ... ... .. ... .... 294
20.8.3 Isotope Mass Separator On-Line Device - ISOLDE at CERN . . . ... ... ... 295
20.8.4  Electron lon Collider (EIC) Nuclear Physics Research Contributions in Africa . . . 296
20.8.4.1  ProspectS . . . . . . . 297
20.9 Contribution to Knowledge through research and innovation . . . . . . ... ... ...... 297
20.10 High-priority future needs . . . . . . . . . . . e 297
20.11 Challenges . . . . . . . . e e e 298
20.12 Recommendations . . . . . . . . . e e e 298
20.13 Acknowledgments . . . . . . . . e 299
21 The Medical Physics 303
21.1 Introduction and Motivation . . . . . . . . L 303
21.1.1 The Status of Medical Physics as a Profession in Africa . . ... ... ....... 304
21.1.2 Distribution of Activities of Medical Physicists in Africa: . . . ... ... ..... 304
21.2 Major Challenges . . . . . . . . . e 305
21.2.1 Education and Training Gaps . . . . . . . o o e e e e 305
21.2.2 Limited Financial Resources . . . . . . . . . . . . ... 306
21.2.3 Shortage of Qualied Personnel . . . . . .. ... ... ... .0 306
21.2.4 Inadequate Infrastructure . . . . . . . . .. 307
21.25 Regulatory Frameworks . . . . . . . . 307
21.2.6 Accessto Continuing Education. . . . . . . . .. ... 307
21.2.7 Geographic Disparities . . . . . . . . .. e e e 308
21.2.8 Lack of Research Opportunities . . . . . . . . . . ... . . i 308
21.2.9 Technological Obsolescence . . . . . . . . . . . . . . . i 308

Community Planning Exercise: ASFAP 2020{2025



311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

Xiii

213

21.4

21.2.10 Public AWareness . . . . . . . . e 309
Progress, Achievements, Solutions . . . . . . . . . . . . ... . 309
21.3.1 International Collaboration . . . . . . ... ... . ... ... ... 309
21.3.2 Training Programs . . . . . . . . .. e e e e 310
21.3.3 Capacity Building . . . . . . . . . . . e 311
21.34 Research and Innovation . . . . . . . . . . .. e 311
21.3.5 Advancements in Telemedicine . . . . .. . ... ... ... o 311
21.3.6 Public Awareness and AdvOCaCy . . . . . . . . oo 312
21.3.7 Regulatory Enhancements . . . . . . . . . 312
21.3.8 Professional Networks . . . . . . . . . . 312
21.3.9 Support from non-governmental organizations (NGOs) and Foundations . . . . . . 312
21.3.10 Focus on Sustainable Solutions . . . . . . ... ... ... o 313
High priority future needs . . . . . . . . . . e 313
21.4.1 Capacity building for medical physicists inimaging . . . . . . ... .. ... .... 313
21.4.2 Establish diagnostic reference levels (DRLs) for nuclear medicine (NM) and diag-
nostic radiology (DR) . . . . . . . . . 313
21.4.3 Expansion of Training Programs . . . . . . . . . . . . .. ... 314
21.4.4 Continued Professional Development . . . . . . . .. . .. ... ... 314
2145 Researchand Innovation . . . . . . . . . . . . 314
21.4.6 Infrastructure Development . . . . . . . . . .. 314
21.4.7 International Collaboration . . . . . . ... ... .. .. ... ... 314
21.4.8 Telemedicine Integration . . . . . . . . . . ... 314
21.4.9 Patient Safety and Quality Assurance . . . . . .. .. ... ... ... 315
21.4.10 Standardization and Certication . . . . . . . . . . .. 315
21.4.11 Regulatory Framework Strengthening . . . . . . . . . ... ... .. oL 315
21.4.12 Professional Registration of Medical Physicists . . . . ... ... ... ... .... 315
21.4.13 Public Awareness Campaigns . . . . . . . . o i e 315
21.4.14 Networking and Collaboration. . . . . . . . .. ... ... ... ... . ....... 315
21.4.15 Improve the quality of the service provided . . . ... ... ... ... ....... 316
21.4.16 Sustainable Funding Models . . . . . . . . . ... ... . 316

Community Planning Exercise: ASFAP 2020{2025



Xiv

3 21.4.17 Local Leadership Empowerment . . . . . . . . . ... ... oo 316
342 21.4.18 Capacity Building for Healthcare Providers . . . . . .. ... ... ... ...... 316
3 21.4.19 Adaptation to Technological Advances . . . . . . .. ... ... ... ... ..... 316
344 21.5 The Role of the Federation of African Medical Physics Organizations (FAMPO) . . . . . . . 316
s 21.6 CoNClUSION . . . . o o 317
aus 22 Astrophysics & Cosmology 319

a7 22.1 Introduction and motivation . . . . . . .. 320
a8 22.1.1 Current status of astronomy in Africa: brief summary . .. .. .. ... ... ... 320
349 22.1.2 Astronomy for development . . . . . . ... 325
350 22.2 Current and future high-priority initiatives . . . . . . . . . .. ... oo o o 326

a1 22.3 Major challenges and needs . . . . . . . . . 327
a5 22.4 Systemic inequalities and recommendations . . . . . .. ..o 329
353 225 CoNncClusionS . . . . . . e 331
s 23 Fluid and Plasma 333
a5 231 IntroduCtion . . . . . . L 333
356 23.2 Status of Fluids and Plasma Physics Internationally . . . . ... . ... ........... 334
357 23.3 Status of Fluids and Plasma Physics in Africa . . . . .. .. ... ... ... ... ..... 334
358 23.4  African Participation in ITER Fluid & Plasma Physics Research . . . . ... ... ..... 335
359 23.5 Status of Fluids and Plasma Physics Education in Africa. . . . .. .. ... ... ...... 337
360 23.6 Challenges Facing Fluids & Plasma Physics Research in Africa . . . ... ... ....... 338
361 23.7 Recommendation and Conclusion . . . . . . . . ... 340
w2 24 Nuclear Physics Techniques in Agricultural Science 343

363 24.1 Agricultural science . . . . . . e 343
364 24.2 Nuclear physics applications . . . . . . . . . . . 344
365 24.3 Sample studies . . . . . 344
366 24.4 Conclusions and recommendations . . . . . . . .. 346
7 25 Conclusions 349

Community Planning Exercise: ASFAP 2020{2025



368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

Foreword

In this report, we document the work done by physics and engagement groups to draw general observations
in forms of recommendations for various entities.

Physicists concerned with physics research and education in Africa proposed the development of an African
Strategy for Fundamental and Applied Physics, aka ASFAP. Many of these physicists are citizen of African
countries, but doing physics elsewhere in the diaspora. Physicists involved in ASFAP have participated in
other physics strategies in Europe and North America. Such strategy processes bring together a large number
of physicists, for a given period, to study together, discuss and ultimately emerge with a strategy document
to inform on the major directions in the elds and propose actionable recommendations for various entities.
The grassrooots strategies carried out by physicists also have an added bene t: they create a framework for
increased networking, collaborations and improved knowledge of the di erent elds of research.

In other regions, the physics communities are larger, with many research directions so that grassroots
strategies tend to focus on speci ¢ domains such astrophysics, nuclear physics, particle physics, etc. In
Africa, while some physics communities such as materials physics or astrophysics are large enough to develop
their own strategic plans, many other physics communities are rather small and with shared challenges. As a
result, in ASFAP, we considered sixteen physics areas and four areas of societal engagements that, according
the African Physical Society (AfPS), are of importance for development in Africa. The mandate to carry
out ASFAP initially came from AfPS. Subsequently, many other institutes endorsed the e ort, in particular
UNESCO.

ASFAP was managed by a Steering Committee (STC) of ve senior physicists, supported by an International
Advisory Committee. We also added committees of observers and ethics. The observers were colleagues with
experience in their domains, and engagements with African policymakers, and invested in the development
of Africa. Their objectives were to liaise between the Steering Committee and the physics working groups
and to use their expertise in the support of the group activities. The ethics committee was tasked to
develop and communicate a code of conduct and a core principle guideline for ASFAP engagements and to
act as ombudspersons. Throughout the entire process of ASFAP, there was no ethical issue that came to
the attention of the ethics committee. The STC appointed 2{4 conveners for each working group; these
are experts in their elds, drawn broadly from Africa and beyond. The conveners managed the work of
their groups and prepared a summary as a chapter in this report. To attract participants to the working
groups, the STC advertised the ASFAP e ort through various channels, including social media and large
physics network platforms. People signed up voluntarily to the working groups of interest. Group meetings,
frequency of meetings and agenda were proposed by the STC or the conveners. The STC met with the IAC
as necessary; in 2023, the STC presented an interim report the IAC and received feedback that ultimately
helped shape the current report.

The STC and group conveners carried out broad community consultations to collect data and inputs. These
took the form of letters of interest, surveys, workshops, conferences, reviews and panel discussions. The
various input data were analyzed and discussed in group meetings. Unfortunately, the working group lasers
(optics and photonics) and complex systems did not receive active conveners nor many contributors to carry
and produce a chapter report.
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2 Foreword

In the following, we present the executive summary of the entire ASFAP e ort with the top level recommenda-
tions. Then, we develop each chapter (one for each working group) in details and list the recommendations
emerging the works of the groups. After presenting the group chapter reports, we o er conclusions and
perspective.

We hope that this report informs on the development and implementation of roadmaps and long-range plans
to advance fundamental and applied physics research in Africa.
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Executive Summary

Fundamental and applied physics draws on worldwide e orts with a small yet steadily increasing presence
of developing countries. The cooperation among African countries and between them and the rest of the
world may improve further still, to address the case for one of the most rapidly developing regions in the
world with great educational needs. Africa, a rich continent in natural resources, needs improvements in
innovation, transfer of knowledge, mass education, to sustain the economic growth necessary for its fast-
increasing populations. The African youth represents more than 70% of the population, and can benet
from more skill training to be employable in an increasingly competitive world. Africa further faces the issue
of the retention of its quali ed young people.

Physics is one of the fundamental bases for other elds and technical engineering, and therefore deserves
a signi cant role in strategies in developing science and education in Africa. Initiatives promoted by
African countries with their own resources|in some cases in partnerships with international institutes|

are numerous, e.g. the African Institute for Mathematical Sciences (AIMSY, the East Africa Institute for
Fundamental Research (EAIFR)?, the Egyptian Network of High Energy Physics?, the H.E.S.S# experiment

in Namibia, the prestigious universities and high-level research laboratories in South Africa and other
countries.

African educational and research institutes should develop their own strategic directions and planning of
fundamental and applied physics, for the short, medium and long terms. This would allow the international
partners interested in capacity development and retention in Africa to integrate inputs from Africans them-
selves. The process of de ning an African strategy would bring together the African scienti c communities
and more pan-African scienti c collaborations may emerge. Furthermore, the African strategy would help
inform African policymakers in developing physics education and research plans.

In order to extend or augment the existing international scientic ties to Africa in developing strategic
visions for fundamental and applied physics, engagement in physics research, education, communication and
outreach, should be strengthened and sustained. The success of these targeted programs would be su ciently
encouraging to provide motivation for a review of goals and consideration of mechanisms of sustainability.
The central long-term objective|to be integrated in the development of strategic visions for science and
technology|would be to improve physics education and research in Africa across national borders and in so
doing, to contribute in a signi cant way to the development of this continent. Maintaining the leadership of
the organization of targeted research and education programs in Africa, in partnership with other interested
institutes and African governments and policy makers, presents a unique opportunity for the international
community to pioneer the scienti c and technological development of a region of more than a billion people
with large unmet needs but vast human potential.

Strategic road-maps are usually developed at national, regional or pan-African levels; these are top-down
strategies, often with di erent levels of success in their implementations. An example is the recently published
report "Science, Technology and Innovation Strategy for Africa 2024 (STISA)" [1]. To complement these,
the African Strategy for Fundamental and Applied Physics (ASFAP) was developed at the grassroots level

Lhttps://nexteinstein.org/
2https://eaifr.ictp.it/
Shttps:/findico.cern.ch/event/706657/
4https:/www.mpi-hd.mpg.de/hfm/HESS
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4 Executive Summary

in a bottom-up approach, by a community of scientists, engineers, technicians. To develop ASFAP, many
inputs from the regional communities were collected in the form of proposals, letters of interest, surveys,
discussions, conferences and workshops. These inputs were then discussed and debated in open meetings.
The process took a few years to culminate in the strategy report presented herein. The process to de ne a
grassroots African strategy was a true spirit of international cooperation that forms the common denominator

of today's culture of scienti ¢ activities. In developing ASFAP at grassroots, in a bottom-up approach, the
African scientic communities emphasized the importance of building synergy between fundamental and
applied physics, with more investments in education, training, technical competence, research, innovation
and technology transfers. ASFAP would o er valuable inputs in de ning actionable education and scienti c
priorities most impactful for development in Africa.

The bottom-up approach described above was highly motivated by similar and successful strategy building
for specic elds of physics. Physics strategies, driven at grassroots levels by the community of physicists,
are carried out periodically in other regions. Europe updated its strategy (Update of the European Strategy
for Particle Physics, CERN-ESU-013, June 2020) [2], taking into account inputs from the international
community. Later, the United States of America updated its strategy for particle physics [3]. Latin
America completed its rst strategy for research infrastructures for high energy physics, cosmology and
astrophysics [4]. At the time of writing, an update of the European strategy is in progress. Other physics
communities develop and update period roadmaps. ASFAP however, had a much larger and more general
scope: Not only were most elds of physics addressed, and many of them are represented only in some
African countries; ASFAP also included high-level education and several aspects of societal engagement.
Consequently, the chapters of this report are necessarily less detailed compared to other strategies such as
the ones mentioned above.

Participation in activities to develop or update a physics strategy is voluntary; it is a non-legal collaboration
by physicists to work and develop a scienti c plan or vision. However, the development of a strategy
ought to be mandated by an authority recognized by the physics community. In the USA, the Division of
Particles and Fields (DPF) of the American Physical Society is the mandating authority of the USA particle
physics strategy. The nal report of the DPF strategy serves as an input to P5 (Particle Physics Project
Prioritization Panel), an authoritative body that develops \a strategic plan for U.S. particle physics, plan
that can be executed over a ten-year timescale, in the context of a twenty-year global vision for the eld."
In Europe, the mandating body of the European strategy for particle physics is the CERN Council. The
Latin American strategy was mandated by the Council of Latin American Science Ministers.

ASFAP was mandated byjand developed in consultation with|the African Physical Society (AfPS) and
UNESCO. Furthermore, ASFAP received support from many institutes, the logos of which are shown in
Figure 2-1.

ASFAP was a voluntary scienti ¢ collaboration among grassroots physicists for the purpose of studying,
discussing and documenting the needs for physics research and education in Africa. The process of ASFAP
took a few years to culminate with this strategy report that contains a summary of the inputs received
from the physics community in Africa and beyond. The physicists involved in ASFAP did so as volunteers
committed to the bene ts of Africa-wide community consultations towards a concerted pan-African strategy
for physics. To carry out the strategy development e ciently, the involved physicists self-organized by setting

up a steering committee, an international advisory committee, working group conveners and observers as
shown in Figure 2-2.

ASFAP had sixteen physics working groups and six engagement groups The group conveners organized
meetings and workshops as necessary to review progress and maintain focus.

Shttps://africanphysicsstrategy.org/

Community Planning Exercise: ASFAP 2020{2025



Executive Summary

Figure 2-1: Institutes that endorsed of the African Strategy.

Figure 2-2: The organizational structure of people involved in ASFAP.
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6 Executive Summary

The process of ASFAP consist of:

1. Working groups according to di erent research elds.

2. Solicitation of of community inputs through surveys, Letters of Interest (LOI) and discussions. The
groups analyzed of the inputs received from the community and categorized these inputs into a few
major physics topics of importance to Africa.

3. Studies of the topics that emerged from the community inputs and consultations, to develop scienti ¢
narratives that form the basis of the strategy report.

4. The group summaries of the major strategic directions in forms of recommendations.
The aforementioned steps required e orts to reach out to the community at large and to draw more volunteer
physicists, encourage physics communities to contribute LOI, and encourage folks with similar interests to
work together. Each physics working group within ASFAP had 3{5 group conveners to organize the activities

within the group, encourage progress and ultimately deliver a report of their working group. The working
groups were designed along the major physics areas of interest to Africa, as de ned by AfPS:

Particles and related applications: nuclear physics, particle physics, medical physics, (particle)astrophysics
& cosmology, uid & plasma physics, complex systems;

Light sources and their applications: condensed matter & materials physics, atomic & molecular
physics, optics & photonics, earth science;

Cross-cutting elds: accelerator physics, computing, instrumentation & detectors, quantum computing
& quantum information and machine learning & arti cial intelligence were also on the agenda.

Societal engagements: physics education, community engagement, women in physics and early career
physicists.

The timeline of the activities is shown in Figure 2-3.

Figure 2-3: ASFAP roadmap timeline.
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Executive Summary 7

The nal report was presented to the international community in a dedicated symposium, planned on Septem-
ber 22{25, 2025 in connection with the fourth African Conference on Fundamental and Applied Physics,
ACP2025, at the University of Lome, Togo. The report contains the summaries of each working group with
their recommendations and actionable items. Through the symposium, the international community had an
opportunity to o er nal feedback. After the symposium, the community feedback was integrated to prepare
the nal version of the report.

The nal report of ASFAP was submitted to the mandating bodies, namely AfPS and UNESCO, the
international Advisory Committee and the supporting institutes. At that stage, the work of the physics
community was completed and the physics groups that developed ASFAP disbanded. Subsequently, the
relevant authorities (funding agencies, policymakers and governments) may appoint a prioritization panel
similar to P5 in the USA to de ne actionable items that can be executed within ten years in the context
of a longer-term global vision. The African strategy process may not be repeated again until seven to ten
years later to perform a strategy update; implementation e orts should be carried out meanwhile.

From the studies presented in this report, the following recommendations were retained.

RECOMMENDATIONS 1

1. Professional physics associations and future Strategies should

(&) Maintain, communicate and disseminate a code of conduct and core-principle guidelines; Establish
a mechanism to remind participants of the code of conduct and its importance to encourage
adherence.

(b) Maintain an ethics committee with an appropriate charge similar to the one discussed in this
report.

(c) Maintain active participation of observers, drawn broadly from the international communities.

(d) Communicate the role and the charge of the observers to all the working groups and their
recommendations implemented to the extent possible.

(e) Organize the observers into a committee with a concerted approach in their interactions with the
working groups and the steering committee.

(f) Encourage observers to e ectively participate in the activities of their assigned groups. Email
communications with the observers should be carried out through o cial channels|this should
be generalized to broader formal communications and interactions within the strategy process.

(g) Acknowledge the observers' inputs into the strategy development; and these inputs should assist
and facilitate the e orts of the conveners, the steering and advisory committees, by ensuring
quality throughout the process.
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Executive Summary

RECOMMENDATIONS 2

2. Governments and policymakers should

(a) Advance the implementation of the UNESCO Open Science Recommendations.

(b)

(©
(d)
(e)

Embed Open Science in the STl and ICT policy framework, and support new policies to accelerate
transition to open science in the continent. To this end, the implementation plans for the AU
Science, Technology, Innovation Strategy (STISA 2034) will be an opportunity to advance these
aims including consideration on African research data.

Develop and implement African research infrastructure and cyberinfrastructure roadmaps with
increased sustainable investments.

Develop African data assets across domains and strategic investment in sovereign arti cial intel-
ligence and its ethical use, re ecting and incorporating African values.

Provide appropriate training for teachers in improving their skills in the planning and delivery of
physics instructions. Support teachers with innovative teaching aids.

(f) Establish minimum standards for high school physics laboratories across Africa to ensure consis-

(9)
(h)

tency in the quality of education.

Incorporate low-cost, hands-on learning tools; train teachers to develop such tools, and support
their production, for resource limited environments.

Promote active learning through problem-based and inquiry-based learning|students working on
real-word problems and conducting experiments to explore physics concepts.

(i) Encourage peer instruction and collaborative learning.
() Reform assessment systems to include evaluations of students problem-solving abilities, practical

skills, and conceptual understanding to support the adoption of active learning methods in the
classroom.

(k) Promote gender equity by encouraging and supporting girls and women to pursue STEM elds.

Increase women in leadership through mentorship programs, institutional support, and a shift in
work-place culture.

() Promote role models, women-focused leadership programs, and male allies to recognize women's

(m)
(n)

(0)

()
(a)

contributions and ensure equity.
Implement outreach programs and science camps to spark girls' and boy's interest in physics.

Encourage partnerships between educational institutes and industry for technology transfers in
both directions, and for fostering research and internship opportunities.

Develop and support physics communication strategies to disseminate the importance and beauty
of physics, and eliminate stereotypes on doing physics.

Increase scholarship and fellowship opportunities.

Encourage fundamental research and innovation incubation, applied to local realities in healthcare,
agriculture, clean energy, etc.

(r) Support research and integration of indigenous knowledge in physics education.

(s)

Provide job opportunities to retain quali ed African scholars; facilitate cross-country mobility
within Africa; design recruitment models in elds of fundamental and applied physics at master's,
PhD and post-doctoral levels, thereby generating more permanent positions; create dedicated
research positions for physics researchers within universities and research centers to provide
su cient time, resources, and institutional support for conducting impactful research without
compromising teaching responsibilities.
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589 (t) Ensure merit-based, gender-balanced recruitment and promotions.
590 (u) Fund physics research through grants and scholarships. Encourage, incentivize and reward (and
501 rate) academic sta members to engage in scienti ¢ research and mentor students closely.
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RECOMMENDATIONS 3

3. Educational and research institutes should

(@)
(b)

(©)
(d)

(e)
(f)

9)
(h)
0]
0)

Include open data in an enhanced capacity building, training and education and higher education
curricula.

Make physics education accessible to all students; this requires providing appropriate support for
under-resourced communities.

Motivate students by aligning curricula to address community problems.

Establish well-equipped physics lab for hands-on experimentation and applications of theoretical
concepts. Mobile labs should be considered for remote areas. Reduce overemphasis on theoretical
work by revising school and university curricula.

Provide regular maintenance for laboratory facilities.

Provide enough trained technical sta for the safe operation of laboratories. O er regular and
updated training for technical sta .

Support and encourage work-life balance.
Implement inclusive curricula and policies like exible work schedules to retain women in physics.
Provide separate toilets, childcare facilities, and safe workspaces in schools and workplaces.

Develop comprehensive and interdisciplinary curricula tailored to fundamental and applied physics
by integrating theoretical knowledge with practical skills.
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Executive Summary 11

RECOMMENDATIONS 4

4. Professional physics associations or societies should

(@)
(b)

(©

Engage policymakers with realistic and actionable roadmaps, supported by physics advocacy and
lobbying.

Run campaigns challenging gender stereotypes in physics, highlighting African women's achieve-
ments.

Promote women-in-physics associations for collaboration and knowledge-sharing.

(d) Advocate for parental leave and childcare options to help women balance work and family.

(e)

(f)

(9)
(h)

Increase awareness among African Heads of State and the African Union on the need for funding
research through grants and scholarships, and to implement the vision of research infrastructures
for controlled and therefore sustainable development.

Highlight the potential of research infrastructure to address Africa-speci c challenges in funda-
mental and applied physics; develop outreach strategies to raise awareness among policymakers,
industry leaders, and the general public.

Develop cooperation with other professional physics societies to leverage synergies and cross-
pollination of ideas.

Document the progress and disseminate what is working; document skills transfer and bene t to
the economy of the trained scientists.

Maintain a database of physicists in Africa and the diaspora. Encourage and facilitate collabora-
tions among them.
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12 Executive Summary

RECOMMENDATIONS 5

5. Governments, policymakers, academia, labs, professional societies should

(a) Actively support the inclusion of young physicists in decision-making bodies at all levels, such as
review and advisory panels and governing bodies.

(b) Improve access to basic infrastructure in higher learning or research institutions|electricity,
internet connectivity, and computing resources, digital libraries.

(c) Build up links and cooperation across Africa to strengthen the impact on big science projects
on a global scale in other regions; Increase the participation in large scale international research
infrastructures.

(d) Encourage and support networking activities in form of common projects pursued in collaboration
among the African laboratories.

(e) Encourage and facilitate the sharing of expensive equipment among countries.

(f) Encourage interdisciplinary approaches by collaborating with other elds of physics and related
scienti ¢ disciplines.

(g) Use the Compact Light Sources as a testbed for advancing accelerator technology and beam/radiation
physics research in Africa; establish a long-term vision where a Compact Light Source distributed
network over the African continent serves as the foundation for a large scale light sources devel-
opment.
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648

649

650

651

652

653

654

655

656

657

658

659

660

Executive Summary 13

RECOMMENDATIONS 6

6. Education and research faculties should
(a) Provide structured feedback to students and facilitate research collaborations within and outside
the continent.

(b) Provide students with guidance on future academic and career paths within Africa, motivating
them to pursue their endeavors in academia.

(c) Develop training interventions e.g., workshops, mentorships, coaches to upskill early career African
researchers in grant writing techniques.

(d) Encourage and reward knowledge dissemination and scienti ¢ publications in peer-reviewed jour-
nal, with coverage of publication fees.

(e) Improve the curricula of fundamental and applied physics taught at di erent levels: Bachelor,
Master and doctorate.

(f) Be active members of professional physics associations; work towards improving such associations.

Community Planning Exercise: ASFAP 2020{2025
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RECOMMENDATIONS 7

7. Concertedly, African countries should

(@)

(b)

(©

(d)
(e)

Enhance electricity generation and transmission in among countries. Additionally, promote cross-
border trade in electric power to e ciently link surplus capacity in one area with high demand in
another area. Establish of a regional power market to enable regional energy cooperation.

Invest in cross-border energy transmission infrastructure; harmonize regulatory frameworks and
policies; strengthen institutional capacity and governance; attract private sector investment;
promote renewable energy integration and regional energy planning; reduce over-reliance on fossil
fuels and diversify energy sources.

Build new experimental physics facilities (especially in sub-Saharan regions) easily accessible to
African physicists and engineers.

For equipment purchased or received in-kind, allocate resources for scheduled maintenance, ser-
vice, and repairs.

Assess the state, status, potential of the devices before reception as donation or in-kind support.

(f) Establish topical or vocational schools on instrumentation delivered by world experts, e.g. Pan-

(9)

African educational centers that provide a complete curriculum in experimental physics and
instrumentation.

Develop distributed and mutualize computing infrastructure for research; if already available, it
should be signi cantly improved, with accessibility to data and complex operations. Strengthen
international collaborations and partnerships to build in-house expertise.

(h) Harness Distributed computing, supercomputers and High Performance Computing centers through-

out Africalat least one in each region; enhance digital infrastructure and access to computational
tools.

(i) Encourage and support trans-regional projects, e.g. between theorists in one country and experi-

mentalists in another.

() Establish collaborative networks for cyclotrons to meet growing demands for applications such in

medical physics.

(k) Promote Sustainability in research facility design and operation; integrate of renewable energy

sources, to power operations; prioritize energy-e cient technologies research facility developments.

() Continue to formalize intra-Africa and international research agreements for e.g., data sharing,

personnel exchange and equipment access; facilitate travel visa requests for African scientists.

(m) Establish mutual cooperation in top-down and bottom-up organizational patterns in realizing

current and/or near-future demands.

(n) Support the roadmap articulated by the African Light Source Foundation.

(0)

Conduct feasibility studies to determine the best location for a Compact Light Source in Africa,
considering infrastructure, accessibility, and institutional support; invest in key technical infras-
tructure, including accelerator components and beamline instrumentation.

(p) Build capacity for medical physicists in imaging; establish diagnostic reference levels for nuclear

medicine and diagnostic radiology; promote the integration of telemedicine solutions; implement
guality assurance for patient safety & regulatory framework; work towards standardizing medical
physics practices and certi cations; adapt to technological advances in medical physics by incorpo-
rating new equipment, treatment techniques, and imaging modalities|the Federation of African
Medical Physics Organization to facilitate the advancement of medical physics in all aspects.

Community Planning Exercise: ASFAP 2020{2025
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3.1 Introduction

Ethics in physics is essential for ensuring that scienti ¢ research is conducted with integrity, honesty, and
responsibility. Whether in theoretical studies, experimental research, or applied technological advancements,
physicists must adhere to ethical principles that promote the credibility of their work and the well-being

of society. Ethical concerns in physics extend beyond individual integrity to include issues such as the
responsible use of resources, transparency in research ndings, and the broader impact of scienti c discoveries
on humanity and the environment.

One of the key ethical principles in physics is research integrity. Physicists are expected to conduct their
work with accuracy and honesty, avoiding misconduct such as fabrication, falsi cation, and plagiarism.
Proper data management is also a critical aspect of ethical research, ensuring that results are reported
transparently and reproducibly. Open communication of ndings, including sharing negative results, is
essential for scienti ¢ progress, as it prevents duplication of e orts and allows the research community to
build on prior knowledge.

Another important aspect of ethics in physics is authorship and collaboration. Given the collaborative
nature of modern physics research|especially in large-scale experiments such as those in particle physics,
astrophysics, and condensed matter physicsjit is crucial to recognize the contributions of all researchers
fairly. Ethical authorship practices ensure that credit is given to those who have made signi cant contribu-
tions. Additionally, physicists working in international collaborations must respect cultural di erences and
promote an inclusive and fair working environment.

Ethical considerations are particularly signi cant in applied physics, where research often leads to techno-

logical developments with real-world implications. Innovations in elds such as nuclear energy, quantum

computing, arti cial intelligence, and medical physics can have profound societal and ethical consequences.
Physicists working in applied research must be mindful of the potential risks associated with their work and

advocate for the responsible use of scienti ¢ knowledge.

In order to ensure that ethical principles are upheld, a number of institutions and scienti ¢ organisations
implement a code of conduct. The purpose of such a code is to provide clear guidelines for responsible research
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18 Ethics in Physics

practices. A code of conduct, as such, is to include principles such as honesty, accountability, respect for
colleagues, and the responsible use of funding and resources. Furthermore, it delineates procedures for the
management of con icts of interest, the establishment of ethical peer review practices, and the formulation of
rules for data sharing and publication. The implementation of such guidelines is instrumental in preserving
the integrity of the scienti ¢ process while safeguarding the interests of researchers and society at large.

In addition to professional conduct, physicists must also consider the broader social and environmental impact
of their work. As scienti ¢ research advances, new technologies may give rise to ethical dilemmas related to
privacy, security, and sustainability. Furthermore, climate-related research underscores the responsibility of

physicists to contribute to sustainable energy solutions and environmental conservation.

The overarching imperative for physicists, therefore, is to uphold the highest ethical standards and adhere
to a robust code of conduct, thereby safeguarding the integrity of science and ensuring that research serves
the collective good. Adherence to such guidelines is not merely an act of compliance but rather a means
of upholding the values of the scienti c profession and fostering a culture of trust, collaboration, and
responsibility within the global scienti c community.

Ethical behavior within ASFAP has been governed by a code of conduct (COC) [1], which is a set of core
principles and community guidelines to which members of the ASFAP community must adhere. Registration

to any working group implies that the member has read and accepted the ASFAP COC. The COC was drafted
by the ASFAP steering committee but it subsequently fell under the responsibilities of a four-member ethics
committee, which had been established to review and act as custodians of this document. It has been the task
of the ethics committee to amend this document whenever necessary, while ensuring that ASFAP remains a
community where everyone feels welcome and respected. In addition, members of the ethics committee have
been mandated to serve as ombudspersons if need arises. We're pleased to report that, so far, we did not
receive any reports of con icts within the ASFAP community requiring our intervention.

In the sections that follow, we give a summary of the core principles and community guidelines outlined in
the ASFAP COC.

3.2 Core principles

This section summarises the core principles of which members of the ASFAP community are expected to
follow.

3.2.1 Support and respect of fellow community members

ASFAP community members are encouraged to foster an inclusive environment where everyone feels welcome
in all areas. All forms of racism, harassment, discrimination, inappropriate humor, derogatory remarks, and
stereotypical comments are actively discouraged and avoided.

3.2.2 Commitment to constructive dialog

Community members are encouraged to engage in discussions aimed at enhancing communication and
collaboration within the community. They are also urged to critically examine their assumptions about

Community Planning Exercise: ASFAP 2020{2025
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others and the origins of those beliefs. Additionally, members are expected to take action when witnessing
inappropriate behavior and to support individuals who report violations. Community members are also
encouraged to proactively educate themselves about the challenges faced by colleagues from underrepresented
groups and work to remove barriers to their success. If a community member feels they have been impacted
by another member's actions, they are encouraged to contact a convenor for support.

3.3 Community guidelines

Community guidelines extend the core principles by setting expectations for participation in in-person events
and virtual communication. Generally, community members are encouraged to be welcoming, respectful,
open-minded, and to communicate with empathy. Summarised below are some specic guidelines on
authorship, email communication and virtual meetings.

3.3.1 Authorship

Authorship o ers credit for an individual's contributions to a study. It also holds the author accountable for
the content in a published paper. All individuals who carried out the work are responsible for the decision
on who should be listed as an author when that work is published. Any individual who makes a signi cant
contribution to the work (as agreed by everyone contributing to the paper) should be listed as an author.
Any other individual or organization should be acknowledged accordingly. In case of con ict, working group
conveners should be contacted in order to help resolve the con ict. If the conveners and the contributors are
unable to reach a consensus, the ethics committee should be contacted.

3.3.2 Email Communication

For a community involving hundreds of people, poor use of email communication could be problematic if not
addressed. For example, one member could send a personal email to another member (e.g. to congratulate
them on an important achievement) but adding a larger email group in cc. This may be an issue if several
other members reply to this email with everyone in copy. The ethics committee felt that this borders on the
\unethical use of email communication”. Therefore, if a member's email concerns an individual person or a
closed group of individuals, they are urged to not write to or reply to everyone in a general list. In addition,
email communication should be done in a respectable manner, respecting the rest of the COC. Members are
also encouraged to be conscious of the fact that members of the ASFAP community are in di erent time
zones. Therefore, prompt responses should not always be expected.

3.3.3 Guidelines on Virtual Meetings

Given that ASFAP meetings were mostly virtual and a number of them were held during the COVID-19
pandemic, the steering committee advised the ethics committee to add a section on guidelines for such
meetings to the COC. Therefore, the following guidelines were adapted:

Community Planning Exercise: ASFAP 2020{2025
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Meeting times should accommodate participants from all time zones. Meeting minutes and/or record-
ings should also be made available on the meeting web page.

Meeting hosts should ensure that only the speaker's microphone is ON at any given time.

Participants should use the raise hand feature found in online meeting solutions (e.g. Zoom), or type
their comments/questions in the chat box. Otherwise, participants should wait for an appropriate
opportunity to comment or ask questions without interrupting other participants.

Conveners should ensure that each participant receives an equal opportunity to participate in the
discussion.

Given that many individuals work remotely, conveners should ensure that the meeting durations are
respected. Virtual meetings tend to go overtime, but participants' time zones and personal lives should
be respected.

3.4 Conclusion

We have highlighted some major core principles and community guidelines that governed interactions and
engagements during the development of ASFAP. Throughout the ASFAP process, no violations to the COC
that needed intervention came to the attention of the Ethics Committee. To ensure zero complaints, the
Ethics Committee had planned a proactive approach to constantly educate the community about ethical
standards in a non-intrusive manner|for example, by allocating a few minute slot at every meeting to
remind participants of the COC and its importance. However, this was not enforced during the ASFAP
process.

3.5 Recommendations

Future updates to the African Strategy should:

~ Maintain, communicate and disseminate a code of conduct and core principle guidelines.

~ Maintain an ethics committee with an appropriate charge similar to the one discussed in this chapter.

Establish a mechanism to remind participants of the code of conduct and its importance to encourage
adherence.

Community Planning Exercise: ASFAP 2020{2025
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4.1 Introduction

The Observers Committee was an intermediate body providing an additional link between the working groups
and fora, and the Steering Committee. Members of this committee were people with experience in long term
planning but also an outstanding involvement with projects in and with Africa.

The job of the Observers Committee during the rst stage was to help the working groups get running
e ciently and smoothly. At a later stage, observers participated in working group discussions, helped to
review papers, attended meetings and edited of the report chapters together with the working groups that
they were assigned to follow[1].

4.2 Early stage

In the beginning of the ASFAP process, members of the Observer Committee facilitated initial contacts
between the working group conveners and senior colleagues in their respective communities. Arguably, this
was bene cial in shaping the ASFAP process with solicited inputs from international community members
experienced in physics strategy developments.

4.3 Later in the ASFAP process

As the work on the strategy enfolded, the Observers brought their experience to the project through the
reviews of working group data collections, analyses, results and report developments. This was useful in
shaping the outcome of the nal report.
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= 4.4 Comments

856 " The concept of inviting independent Observers with a broad background in science strategies was a
857 commendable approach, to support the working group groups with experienced community members.
858 " The observers played a signi cant role in the working group activities although they did not interact

859 formally among themselves.

«» 4.5 Recommendations for grassroots strategy development

861 ~ Future strategies should maintain active participation of observers, drawn broadly from the interna-
862 tional communities.

863 " The role and the charge of the observers should be communicated to all the working groups and their
864 recommendations implemented to the extent possible.

865 " The observers should be organized into a committee with a concerted approach in their interactions
866 with the working groups and the steering committee.

867 " Like conveners, observers should e ectively participate in the activities of their assigned groups. Email
868 communications with the observers should be carried out through o cial channelsjthis should be
869 generalized to broader formal communications and interactions within the strategy process.

870 " The observers' inputs into the strategy development should be acknowledged by the contributors, and
871 serve to assist and facilitate the e orts of the conveners, the steering and advisory committees, by
872 ensuring quality throughout the process.
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5.1 Introduction

In 2015, countries adopted the UN 2030 Sustainable Development Goals as a universal call to end poverty.
Poverty is considered one of the greatest challenges to sustainable development in Africa as approximately
80% of the people in extreme poverty are located in Sub-Saharan Africa. However, Africa has the potential
to beat poverty as it has the youngest and fastest-growing population in addition to 60% of the world's
arable lands and 30% of the world's minerals being located in Africa [1].

Factors contributing to poverty in Africa are closely related to Science and Technology education. These
include among others inadequate infrastructures, inadequate resource management, inadequate or lacking
long-term policies and strategies for education and human resource development, etc. Africa is lagging far
behind in technology and its ability to compete at the international level is impeded by poor education
systems [2]. Thus, adequate STEM science education is essential to unlock Africa's potential for sustainable
development. We need to address the gaps in science and technology skills in Africa. One very important key
in science education concerns improving the teaching and learning of Physics [3]. Physics is considered as the
basis of all applied sciences; its adequate education can help break the cycle of perpetual poverty in Africa
for example by building sustainable clean energy systems and nding solutions to social and environmental
problems such as water pollution and climate change.

The main problem with Physics education in Africa is that the enrollment in Physical Sciences is low in
high school and university. To mitigate this, collaboration and communication between all stakeholders
(local communities, the scienti c community, policymakers, regional bodies and international partners) are

needed [5]. It is in this context that community engagement initiatives have emerged as a transformative
approach to enhancing STEM education in Africa. These initiatives are driven by a deep understanding of
the critical role education plays in shaping Africa’'s future by empowering its youth. Traditional class teaching

and learning is vital but community engagement adds a layer of real-world experience and application to
STEM concepts. This makes STEM subjects more tangible, accessible, and interesting for students [5].
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In November 2020, the ASFAP initiative was launched by African Physicists (Pan-African and Diaspora)
and was mandated by the African Physical Society (AfPS) with a mission to develop a strategy to increase
Physics education and research capabilities in Africa and improve collaborations between all stakeholders
to help Africa take its due place as a co-leader in the global scienti ¢ process. This report will explore the
advantages of community engagement initiatives in Physics education in Africa, highlighting the thoughts,
ideas, and recommendations from di erent meetings conducted by the ASFAP Community Engagement
Working group members. By embracing these initiatives, African countries can forge a strong bond be-
tween educational institutions and their communities which will contribute towards scienti ¢ progress and
sustainable development across the continent.

\Communities count, they are key to improving everything from education and economic development to
health care and race relations" [6].

5.2 Principles and De nitions

Before delving into the work of the ASFAP Community Engagement Working group, it is important to try
to understand what community engagement is and why it is important for Physics education in Africa. We
will also look at the principles of a successful community engagement initiative.

De nitions

Community engagement can be de ned as \the process of working collaboratively with and through groups
of people a liated by geographic proximity, special interest, or similar situations to address issues a ecting
the well-being of those people” [7]. Thus, community engagement is a powerful vehicle for bringing about
environmental and behavioral changes that will improve \the understanding and practice of Physics" by
the physics community, its members and the public at large. Community engagement initiatives \involves
partnerships and coalitions that help mobilize resources and in uence systems,... and serve as catalysts for
changing policies, programs, and practices" [7].

Why does community engagement matter?

Community engagement initiatives matter as they increase the likelihood that projects or solutions will be
widely accepted, they will create more e ective solutions, help to improve people's knowledge and skills
in problem-solving, empower and integrate people from di erent backgrounds, help create local networks
of community members as well as opportunities for discussing community problems before they get out of
control [8].

5.3 Relationship between Community Engagement and Capacity
Building

Each community engagement initiative often involves capacity building of the concerned community. How
are the two concepts related? The concepts of \community engagement and capacity building" are closely
interconnected and reinforce each other in various ways. There are multiple ways through which commu-
nity engagement and capacity building can complement each other to develop sustainable education in a
community.
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Empowerment and Skill Development Community engagement initiatives often focus on empowering
individuals within the community, including students, educators, and the local population. Individuals
can acquire new skills, knowledge, and competencies through active participation in these initiatives.
On the other hand, capacity building aims to enhance the abilities and potential of individuals,
organizations, or communities. By engaging with the community, capacity-building e orts become
more e ective as they are tailored to address the speci ¢c needs and aspirations of the people involved.

Collaboration and networking: Both community engagement and capacity building foster collaboration
and networking among various stakeholders. Community engagement initiatives often bring together
educators, students, local leaders, non-prot organizations, and government agencies. These collabo-
rations create a supportive ecosystem where capacity-building e orts can be shared, expanded, and
sustained, leading to a more comprehensive and lasting impact [9].

Sustainability: When individuals are involved in the decision-making process and take ownership of
their educational and developmental goals, they are more likely to sustain the outcomes of capacity-
building e orts. This sense of ownership and responsibility drives a culture of continuous learning and
improvement within the community.

Knowledge transfer and sharing Community engagement provides a platform for the exchange of
knowledge and experiences. Capacity-building initiatives can leverage this shared knowledge to design
programs that are inclusive, culturally sensitive, and locally appropriate. In turn, capacity-building
activities enhance the expertise and resources available within the community, contributing to its overall
growth and development.

Developing community-driven solutions Community engagement allows for a bottom-up approach,
where solutions are developed based on the speci c needs and priorities of the community. Capacity-
building e orts can then be tailored to address these unique challenges, making them more e ective
and sustainable in the long run.

In summary, community engagement and capacity building are intertwined in their e orts to empower
individuals, promote collaborative learning, and foster sustainable development.

The ASFAP Community Engagement (C.E) Working Group comprises four active members, and co-conveners
from di erent countries (Rwanda, Algeria, Senegal, and Nigeria). After several meetings and discussions,
the C.E Working Group was able to identify seven potential areas of possible common action:

N o o b~ w DdRE

Physics communication and outreach.

Technology transfer; Internet connectivity/ internet start-up resources; Applications and industry.
E-lab and e-learning.

Business development and entrepreneurism.

Public education and outreach; Diversity and inclusion and equity.

Government engagement and public policy.

Career pipelines and development; Retention; Capacity development.

To produce any tangible work on the above potential areas of action, ASFAP's goals and scope of activities
need to be introduced to the Physics community members rst. This can be done by the representatives
of ASFAP in each country. Doing so will allow ASFAP to interact directly with society and get di erent
feedback on common areas of interest.

Community Planning Exercise: ASFAP 2020{2025
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Figure 5-1: Schoolchildren participating in NASA's Starshine 2 school satellite project are seen here
meticulously polishing mirrors. These mirrors to be placed on its outer shell, will enable it to be used
by school kids for physics experiments from the ground. Khroub, Algeria [4]

5.4 Physics engagement initiatives

This section describes a few physics communication activities conducted in some African countries and the
opportunities they o er. From these, a set of recommendations for improved community engagements are
proposed.

5.4.1 Astro-STEM workshop and mentorship programme for teachers and high
school students in rural Kenya-  Elimisha Msichana Elimisha Jamii [39]

In Kenya, there is a notably low uptake of science and STEM subjects among girls in secondary schools,
particularly in rural areas [40]. Additionally, rural schools are underfunded and underdeveloped, lacking
essential resources such as laboratory equipment, especially for Physics [40]. Computer literacy in these
regions is also almost non-existent. Moreover, while computer studies are part of the national education
curriculum, most rural schools do not o er them due to a lack of resources, particularly computers.

The Astro-STEM workshop and mentorship program aim is to 'nip the Physics/STEM misconception in the
bud' before many girls drop Physics in high school. The key objectives are: i) to change misconceptions about
STEM subjects among schoolgirls, facilitate early participation of girls in sciences, improve STEM grades,
increase the number of girls selecting Physics in Years 3-4 and sitting for the national Physics examination,
and boost the enrolliment of girls in STEM courses at the tertiary level; ii) to develop and provide resources for
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target secondary schools, particularly for Physics laboratories; iii) to promote computer literacy by o ering
hands-on introductory computer practicals; iv) to develop infrastructure and supply computers to facilitate
computer studies as outlined in the national curriculum; and, v) to train high school teachers on e ective
methods for delivering Physics lessons in the classroom, even with limited infrastructure [41].

These workshops are delivered through lectures, presentations, hands-on practicals, and direct engagement
with participants over two full days. The subjects covered include Physics, Astronomy, Geography, Math-
ematics, and Computer Studies. Mentorship and guidance on careers in STEM elds are also provided.
The workshops are conducted in collaboration with postgraduate students in Physics at local universities
and STEM teachers. The workshop curriculum is developed based on the secondary education curriculum.
Advanced postgraduate students and postdoctoral researchers at local universities lead the teacher training
program.

Figure 5-2: A student participating in a Physics practical during Astro-STEM.

During a four-year period (2021-2024), the programme has reached more than 3000 schoolgirls in ve
secondary schools: St. Peters Girls, Noigam Secondary School, AIC Kipkeikei Girls, and UPEC Girls
Osorongai in Kitale County, and Igikiro Mixed Day School in Murang'a County, Kenya [42]. All participating
schools have reported signi cant improvements in average grades in Physics, Mathematics, and Geography.
For instance, in 2024, Physics became the top-performing subject at St. Peters School for the rst time
in its history. Additionally, the number of girls selecting Physics in Year Il and sitting for the national
examination in Year IV has increased substantially. Notably, before the Astro-STEM workshop in 2021,
the UPEC Girls Osorongai School had only one female student in the Year Ill Physics class. After the
Astro-STEM project, 16 more girls re-enrolled, marking a remarkable 1600% increase. Teachers also report
a positive shift in students' attitudes toward STEM subjects, with greater engagement in science activities
across schools [42].

Lastly, the project has donated critical Physics laboratory equipment to the ve participating schools, in-
cluding lenses, multimeters, ammeters, voltmeters, meter rules, weighing scales, laboratory stands, electrical
wires, beakers, test tubes and ripple tanks, among many more items. Additionally, 30 computers were
donated across these schools [42]. As a result, schools were forced to create spaces for computer laboratories,
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12s  and as a result, they now o er computer studies as part of the national curriculum. It is important to
1020 NOte that before this intervention through the Astro-STEM workshops, computer studies were not o ered
1020 to students due to lack of computers in all participating schools.

Figure 5-3: Percentage of the Astro-STEM participants who had used a computer before and after the
workshop.

we 5.4.2 Science and society events: the Week of Science and Technology in DRC

102 It is worth noting that the Week of Science and Technology in Democratic Republic of Congo (DRC) is
103 a successful model that stands out for its continuity and innovative approaches to outreach [43]. Since
s its inception in 2014, Science and Technology Week (SST) in the DRC is an event that brings together
1035 various players in the development of the physical sciences around science villages: schoolchildren, high
w3 School students, academics, political, economic and cultural decision-makers, as well as players from other
107 More popular sectors, such as sportsmen and cultural artists.

1038

10 These science villages, which are set up annually, serve as ideal contact zones where science is communicated
a0 through various forms of contact scenes. Communication formats include science demonstrations led by young
wa  high school students for the lay public, exchanges between scienti ¢ luminaries and young schoolchildren with

102 @ View to sparking vocations, round tables, panels and debates on key issues such as the funding of scienti c
a3 research by both public authorities and private players, and activities led by players from the arts and culture

10aa  Sector (Im screenings, plays) with a view to mobilising large numbers of people and amplifying the voice of

10ss  SCientists to the general public.

1046

a7 Over the past decade, the SST has become a major annual science event, attracting leading gures from
s all over the world, with a total of almost 78000 visitors to date, attending half a thousand of activities (see
w9  Figure 5-4). The success of this initiative can be seen on several levels. Firstly, in view of the thousands
ws0  Of young participants it has attracted, SST is making a major contribution to building the critical mass
11 Of young scientists the continent needs. Secondly, the SST demonstrates impeccably that open dialogue
sz between scientists and the rest of society is useful in keeping these two parties connected, and above all in
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Figure 5-4: Cumulative impact of Science and Technology Week from 2014 to 2024. N denotes the number
of workshops, exhibitors and speakers

maintaining society's con dence in science and its players. Thirdly, through its consistency and the large
number of people it attracts, SST demonstrates that it is a replicable model whose export to other countries
is therefore highly recommended.

5.4.3 Winning the Hearts of Students for Science: An Algerian Experience

The Cirta Science Contest, organized by the Sirius Astronomy Association in Algeria, is a long-standing
initiative in scienti ¢ culture that has profoundly shaped scienti c engagement among high school students

in Eastern Algeria [44]. With over 55 high schools from the Constantine region participating annually, the
competition attracts some six hundred students in the initial round, narrows down to the most promising 60
nalists, and ultimately culminates in the last round in selecting three laureates. Over the years, thousands
of students have bene ted from the competition, gaining exposure to rigorous scienti c inquiry, critical
thinking, and astronomy-based learning. The contest is not merely an academic exercise but a cultural
event, generating widespread enthusiasm among students, educators, and the public. The annual nal
round and awards ceremony, held on National Science Day (May 16th), receives extensive media coverage,
with national television, radio, and newspapers highlighting the winners and their High Schools. This
visibility further ampli es the contest's prestige, inspiring younger students to pursue science with renewed
vigor. What distinguishes it is its scale and its transformative impact on students, who are rewarded
with opportunities to explore science beyond the classroom. The three yearly laureates of the contest have
travelled to world-renowned scienti ¢ institutions, including the LHC at CERN (Switzerland), NASA's Space
Camp (USA), the Gran Telescopio Canarias (Spain), the South African Large Telescope, the ITER Fusion
Reactor (France), the Nobeyama radiotelescope in Japan and many other world landmarks of science. These
immersive experiences provide students with rsthand exposure to cutting-edge research, bridging the gap
between theoretical science and real-world applications. This approach fosters scienti c ambition among
participants, many of whom have pursued careers in physics, engineering, and space sciences [44]. Beyond
its competitive aspect, it successfully combines education, outreach, competition, and rewards to develop
scienti c literacy and inspire students to pursue careers in science. It also thrives within a broader regional
ecosystem of scienti ¢ outreach, including the "Oasis of Science" radio show, which has been running for over
20 years, bringing general science discussions to a hationwide audience. It is the proof that a well-structured,
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Figure 5-5: The Cirta Science Contest between High School students in Constantine, Algeria.

high-pro le competition can serve as a catalyst for a thriving scienti ¢ culture that could be replicated in
other countries [45].

5.4.4 Inspiring Senegalese Youth through Stellar Occultation Campaigns

The Association Sregalaise pour la Promotion de I'Astronomie (ASPA), founded in 2006, has played a
key role in promoting astronomy in Senegal through education and outreach. By training teachers and
establishing astronomy clubs, ASPA has strengthened local engagement in astronomical activities. Its e orts
in public outreach and observational programs have laid the groundwork for its participation in international
scienti ¢ collaborations [46].

ASPA has notably collaborated with NASA on signi cant astronomical observation campaigns. Initially, in
2018, it focused on a stellar occultation by the asteroid Arrokoth (formerly 2014 Ultima Thule) as part of

the NEW HORIZONS mission to deduce the shape of this remarkable Kuiper Belt object. Subsequently, in
2020, ASPA was entrusted with organizing another major occultation event, preparing for NASA's LUCY
probe launch. For this second campaign, 30 Senegalese observers, supported by professional astronomers
from abroad, successfully observed the occultation by the Trojan asteroid POLYMELE [46]. These advanced
scienti c endeavors could be critical in inspiring Senegalese youth, fostering their enthusiasm for astronomy,
and generating future vocations within scienti ¢ and technical elds.
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