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Introduction: Overview

* Theoretical Physics: Mathematical study of
fundamental principles (e.g., quantum
mechanics, relativity).

 Complex Systems: Interacting systems with
emergent behavior (e.g., ecosystems, urban
systems).

- Both fields are pivotal to advancing knowledge
and solving interdisciplinary problems.



Why are they important for Africa?

* Challenges: Climate change, urbanization,
resource management, and health crises.

* Opportunities: Africa’s biodiversity, emerging
computational resources, and growing
research talent.



Current Strengths in Theoretical
Physics
e Participation in global initiatives: CERN, SKA,
EIC, African Light Source.

* Centers of excellence: AIMS, ICT-EAIFR,
NITheCS, ECTP, and leading African
universities.

* Emerging research in quantum mechanics,
particle physics, astrophysics, and cosmology.



Challenges and Opportunities:
Theoretical Physics

* Challenges:
- Lack of coordination amongst theoretical physicists
- Infrastructure gaps and limited funding.
- Brain drain of skilled researchers.

* Opportunities:

- Build regional collaborations and enhance visibility.

- Leverage partnerships to develop high-performance
computing resources.



Strategic Importance: Theoretical
Physics

* Theoretical physics underpins numerous applied
technologies such as quantum computing,
materials science, and telecommunications.

e Africa’s participation in frontier research (e.g.,

dark matter, early universe cosmology) can drive
local innovation.

* Encouraging theoretical physics also fosters skills
in mathematical modelling, critical thinking, and
computational science.



Current Strengths in Complex Systems

e Applications in urban planning, public health,
and climate modeling.

* |nitiatives like the UNESCO Chair on Complex
Systems and CSIR projects.

* Growing awareness of interdisciplinary
approaches.



Challenges and Opportunities:
Complex Systems

* Challenges:

- Limited integration in education and weak
institutional collaboration.

- Difficulty accessing computational tools and large
datasets.

* Opportunities:

- Develop African-specific models for climate
adaptation and resource management.

- Build networks for interdisciplinary research.



Strategic Importance: Complex
Systems

Complex systems science addresses Africa’s unique
challenges: urbanization, health, biodiversity, and
sustainability.

It provides tools to understand and manage interconnected
systems, such as food, water, and energy networks.

Applications extend to economic modelling, epidemic
control, and climate adaptation, offering solutions tailored
to African contexts.

Strengthening complex systems science promotes
transdisciplinary thinking, fostering collaboration between
physics, biology, data science, and social sciences.



Case Study: Climate and Resource
Management

e Theoretical models for water distribution in
drought-prone areas.

* Ecosystem resilience modeling using complex
systems approaches.



Case Study: Urban Systems

* Agent-based modeling of migration and
resource allocation.

* Projects like Soweto's urban planning
showcasing resilience strategies.



Case Study: Health Systems

* Network analysis for disease spread (e.g.,
malaria, Ebola, COVID-19).

* Optimization of vaccination strategies using
complex systems models.



Global Context

* Leading institutions: Santa Fe Institute, ICTP,
CERN.

* Applications: Quantum computing, climate
forecasting, advanced Al.

* Theoretical physics and complex systems drive
interdisciplinary innovations.



ASFAP’s Role

* - Provide strategy to advance theoretical and
applied physics in Africa.
* - Provide strategy that will foster

collaborations between African and global
Institutions.

* - Provide strategy that will enhance visibility of
African research on the global stage.



Recommendations: Theoretical Physics

e Build graduate programs and mentorship
Initiatives.

* Enhance regional collaborations and
participation in global projects.

* |nvest in computational infrastructure and
address brain drain issues.



Recommendations: Theoretical Physics

e Establish dedicated theoretical physics hubs in
Africa.

* Expand funding through regional initiatives
and international collaborations.

* Create flagship projects that connect
theoretical physics to real-world applications
(e.g., renewable energy modelling, big data in
astrophysics).



Recommendations: Complex Systems

* |Integrate interdisciplinary research into
education.

* Focus on solving Africa-specific challenges
(e.g., climate adaptation, urban systems).

* Develop open-access data repositories and
foster global collaborations.



Recommendations: Complex Systems

Establish interdisciplinary centres focused on complex
systems research in Africa.

Integrate complex systems science into university
curricula at undergraduate and postgraduate levels.

Develop open-access African data repositories to
support modelling efforts.

Foster collaborations with international institutions like
the Santa Fe Institute and UNESCO Chairs.

Promote local applications of complex systems science
in areas like urban planning, healthcare logistics, and
disaster management.



General Recommendations

e Establish distinct groups for theoretical physics
and complex systems.

* Promote cross-disciplinary innovation and
leadership in African science.

* Secure funding for long-term research and
infrastructure development.



Conclusion

* Theoretical physics and complex systems are
pivotal for Africa’s advancement.

 ASFAP can lead Africa’s efforts to become a
global leader in these fields.

* "By investing in these fields, ASFAP can shape
Africa's future in science and innovation."



References

1. Santa Fe Institute (USA): Pioneering research in
complex systems science.

2. ICTP: Advancing physics research in developing
countries.

3. CERN: Global collaboration in particle physics.
4. AIMS: Building capacity in mathematical sciences.

5. UNESCO Chair in Complex Systems: Addressing
sustainability challenges in Africa.

6. CSIR: Research in complex systems in South Africa.
7. Bar-Yam, Y. (2004). Making Things Work.
8. Mitchell, M. (2009). Complexity: A Guided Tour.



	Slide 1: Theory and Complex Systems
	Slide 2: Introduction: Overview
	Slide 3: Why are they important for Africa?
	Slide 4: Current Strengths in Theoretical Physics
	Slide 5: Challenges and Opportunities: Theoretical Physics
	Slide 6: Strategic Importance: Theoretical Physics
	Slide 7: Current Strengths in Complex Systems
	Slide 8: Challenges and Opportunities: Complex Systems
	Slide 9: Strategic Importance: Complex Systems
	Slide 10: Case Study: Climate and Resource Management
	Slide 11: Case Study: Urban Systems
	Slide 12: Case Study: Health Systems
	Slide 13: Global Context
	Slide 14: ASFAP’s Role
	Slide 15: Recommendations: Theoretical Physics
	Slide 16: Recommendations: Theoretical Physics
	Slide 17: Recommendations: Complex Systems
	Slide 18: Recommendations: Complex Systems
	Slide 19: General Recommendations
	Slide 20: Conclusion
	Slide 21: References

