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Condensed Matter Physics

Condensed matter physics: seeks to understand how matter arises from a large number of interacting atoms and 
electrons, and what physical properties it has as a result of these interactions. 



Materials Physics

Materials physics: considered a subset of condensed matter physics because it applies 
fundamental condensed matter concepts to describe the physical properties of materials.



Condensed Matter and Materials Physics

Overlap with Materials 
Science and Engineering

Largest subfield of physics because of its direct link to material development.

Breakthrough of Condensed matter physics



Africa

Facts
▪ World’s second largest continent = 30.37 million km2

▪ Second most populous = 1,386,337,673

▪ Literacy rate rate =  22 – 96%

▪ 30% of the earth’s mineral resources are in Africa



Africa’s Mineral Resources



Africa’s Agricultural Resources







First, there is the challenge of numbers: there are few
physicists engaged in research and in academia. This is perhaps
because of a lack of research institutes and industry that would
otherwise require people with a PhD or master’s degree in
physics.

Second, there is the challenge of catch-up. Many African
institutions and universities lack the requisite facilities to
conduct research at the fast pace that research is conducted
elsewhere.

Third, there is the challenge of the paucity of research
institutes and industry, which limits job opportunities for
physicists to teaching in secondary schools and universities.
Bachelor of Physics graduates who do not want to teach usually
opt to work in revenue services or banks. These institutions
gladly employ them because physicists have better affinity with
numbers.

Three challenges of physics in Africa

Sa’id, R.S., Fuwape, I., Dikandé, A.M. et al. Physics in Africa. Nat Rev Phys 2, 520–523 (2020)



Ways to strengthen physics in Africa
One: Many African governments and the industrial sector in
African countries do not pay sufficient attention to research in
the fields of basic and applied physics, in terms of funding and
the use of research findings. This situation is due to a limited
ability to recognize research in physics as a priority and
appreciate its role in developing technologies that may lead to
economic growth and sustainable development. Therefore,
promoting research in physics in African countries is a
necessity.

Two: There is also a need to strengthen the research capacity in conducting,
managing and sharing research results, besides developing the research
environment.

Four: Advocacy for science-based evidence to inform decision-making processes
is very important and should also include extra mobilization of resources for
research within universities in African countries.

Three: Another action that could be taken is to use research outcomes and results 
to advise policy-makers through policy briefs on topics such as the use of solar 
energy, knowing that sunlight is available, and that there is a shortage of 
electricity supply in many African countries. 

Five: Universities should formulate interdisciplinary research groups and 
strengthen collaborative research projects with the private sector and non-
governmental organizations to secure funding and ensure the use of research 
findings. 

Six: It is important to strengthen the research impact at the national, regional and 
international levels, through publications, evidence-based policies and 
engagement with stakeholders.

Sa’id, R.S., Fuwape, I., Dikandé, A.M. et al. Physics in Africa. Nat Rev Phys 2, 520–523 (2020)



The initiative aims at producing a strategy for reforming and transforming 
the Fundamental and Applied Physics research, and Education in Africa for 
African Development.



Physics Working Groups

1. Accelerators
2. Astrophysics & Cosmology
3. Atomic & Molecular Physics
4. Biophysics
5. Computing & 4IR
6. Earth Science
7. Energy
8. Fluid and Plasma
9. Instrumentation & Detectors
10. Light Sources
11. Condensed Matter & Materials Physics
12. Medical Physics
13. Nuclear Physics
14. Particle Physics
15. Optics and Photonics
16. Complex Systems
• h



Name Affiliation Country

Prof Lalla Btissam Drissi Mohammed V University in Rabat
Head, Modelling and Simulation of 

Physical Properties of Emergent 
Materials Laboratory

Morocco

Dr Samuel Chigome Botswana Institute for Technology 
Research and Innovation

Senior Researcher, Nanomaterials

Botswana/Zimbabwe

Prof Sonia Haddad University of Tunis El Manar
Head, Condensed Matter Physics 

Laboratory

Tunisia/Algeria

Condensed Matter and Materials Physics 
Working Group: Co-Conveners



Condensed Matter and Materials Physics 
“subgroups”

1. Theoretical and computational Condensed Matter Physics

2. Nanomaterials

3. Superconducting materials

4. Quantum Matter and topological Materials

5. Advanced 2D materials

6. Materials for optics

7. Magnetic Materials

8. Soft matter

9. Materials for energy

10. Materials for water purification

11. Materials for biology

12. Materials for quantum computing

13. Construction and manufacturing Materials
14. Electronic materials



Condensed Matter and Materials Physics



How do you contribute?

1. Identify a subgroup that you would like to join.

2. https://twiki.cern.ch/twiki/bin/view/AfricanStrategy/AfMaterial
sPhysics

3. Letter of Interest (LOI)

https://twiki.cern.ch/twiki/bin/view/AfricanStrategy/AfMaterialsPhysics


What is the spread of CM and MP
across African Universities?

Limited

Looking at the five regions of Africa, is the spread of CMP and MP well
balanced or there are some regions that are lagging behind? If there
are differences, do we know why they are there?

Not balanced, some regions are lagging behind

How can CMP and MP contribute to African Development?

Design and discovery of new materials is a key to innovation in the
race of making things cheaper, stronger, durable and more effective.

What are some of the challenges that are hindering growth of both
theoretical and experimental CMP and MP in Africa?

Lack of infrastructure, brain drain, private sector absence. Failure to
adopt innovative programmes

What are the proposed solutions for improving CMP of MP for
education and research in Africa?

Development of Pan African Curricula for example Materials Science
and Nanotechnology that will allow students in Africa to access
material characterization facilities all over Africa.

Questions to CMP & MP Professors in Africa?



https://youtu.be/Z9-wazpKiRU

https://youtu.be/Z9-wazpKiRU


FUNDING



Nanotechnology in Africa



Relationships

Microscopy Society of Southern Africa







ASESMA

African School for 

Electronic Structure Methods and Applications



Ghana - 2016

Johannesburg - 2015

Kenya - 2012

Capetown
– 2010

Mini-ASESMA
Rep. of Congo

Ethiopia - 2018

Rwanda - 2020

ASESMA Schools



ASESMA

A  10-year program from 2010 to 2020

Endorsed by IUPAP (International Union of Pure and Applied Physics)

Supported by ICTP (International Centre for Theoretical Physics) , …..

A new larger vision for ASESMA – 2020-2030

Schools each 2 years to foster 

a collaborative network for research and higher education within Africa  

Based on 

Accomplishments in the first 10 years

New developments 

EAIFR (East African Institute for Fundamental Research), ASESMANET, ……

Expanded 

Activities - Focused workshops, visits, meetings, collaborations, ….

Topics - Materials Science, Chemistry, Biology, …..

Education – Teaching the teachers, computational sciences, …..

Director, Prof Omololu Akin-Ojo, PhD Condensed Matter Physics



Sponsors – so far



Key Roles of Supporting Organizations

IUPAP

Without IUPAP, ASESMA would not exist

Sponsor of ASESMA as a program for 10 years

by

Commissions on Computational Physics (C20), Physics 

Education (C14) and Structure and Dynamics of Condensed 

Matter (C10). 

Financial support for individual schools

Key to get support from other organizations



Key Roles of Supporting Organizations

ICTP

Without ICTP ASESMA would not exist

Largest amount of funds

Handles applications and travel arrangements

Support of lecturers from ICTP

Development of codes like Quantum Espresso, with tutorials, ….

NSF, APS, MARVEL, TYC

Support of mentors and some lecturers



Summary

STEM – Based Economics Development Model

Key points
1. Aim for high international standards in 

Africa.
2. Training is important. Co-supervision of 

our PhD students will be helpful. 
3. Access to international research 

infrastructures is critical.
4. We cannot cover all areas in material 

science in Africa. We should focus on a few 
areas of strategic importance, e.g.
materials for solar energy generation, 
battery materials, Copper for example in 
Zambia, and so on. 

5. Links with governments and private sector.
6. Influence policy.
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