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In science and technology:

the word Light applies generally to 

Electromagnetic Radiation

Electromagnetic Spectrum 

Available at: http://www.nsrrc.org.tw/english/lightsource.aspx

What is a Synchrotron light source and how does it work?

http://www.nsrrc.org.tw/english/lightsource.aspx


➢ A Synchrotron light source is electromagnetic radiation emitted when 

charged particles (electrons) are subject to an acceleration perpendicular to 

their velocity, using magnetic fields. 

What is a Synchrotron light source and how does it work?
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• Scientific Discoveries 

• Industrial Innovations

• Social economic 

Impacts

• Capacity Building Advanced Light Sources
Tools of Discovery and Innovation  

Environmental
Science

Physics

Why an African Synchrotron Lightsource ?



Why an African Synchrotron Lightsource ?



➢ More than half of global population growth by 2050 will happen in Africa.

➢ A lot of young people, thus an urgent need for human capacity building
From UN report on World Population Prospects 2019

Why an African Synchrotron Lightsource ?



Why an African Synchrotron Lightsource ?



Preparing Africa for the Forthcoming African Synchrotron Lightsource

The AfLS Conference & 

Workshop Series 

Central starting point:

• Training and networking,

• Building user community 

in Africa, 

• Extending activities and 

sharing opportunities



Preparing Africa for the Forthcoming African Synchrotron Lightsource

• Training and networking,

• Building user community 

in Africa, 



Preparing Africa for the Forthcoming African Synchrotron Lightsource

The AfLS Conference & 

Workshop Series 

✓ 1st African Light Source

Conference and workshop

(AfLS1) November/ 2015

at ESRF, Grenoble, France

✓ The conference had an

assessment and an outcomes

phases



Preparing Africa for the Forthcoming African Synchrotron Lightsource

✓ The conference had

scientific talks, evaluation on

the AfLS roadmap and

science diplomacy sessions

The 2nd African Light Source Conference 

(AfLS2) 

&

Pan African Conference on Crystallography 

(PCCR2) 

28 Jan – 2 Feb 2019 in Accra, Ghana



Preparing Africa for the Forthcoming African Synchrotron Lightsource

✓ The AfLS2020 developed more the Pan-African and socio-political aspects of AfLS project

✓ Strengthen the AfLS motivation case



http://lamp.ictp.it/index.php/aphysrev/article/view/1610/586

https://www.nature.com/articles/s42254-022-00534-3#citeas

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6682199/

https://elephantinthelab.org/the-need-for-an-african-lightsource/

AfLS: Conceptual Design Report 
(CDR)

Coming out in 2023

https://link.springer.com/article/10.1007/s12551-019-00578-3
http://lamp.ictp.it/index.php/aphysrev/article/view/1610/586
http://lamp.ictp.it/index.php/aphysrev/article/view/1610/586
http://lamp.ictp.it/index.php/aphysrev/article/view/1610/586
https://www.nature.com/articles/s42254-022-00534-3#citeas
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6682199/
https://elephantinthelab.org/the-need-for-an-african-lightsource/


http://www.africanlightsource.org/


Applications in Condensed Matter Physics 
&

Materials Science



Which particular experimental technique?

Applications in Materials and Condensed Matter Physics

Angle Resolved Photoemission Spectroscopy (ARPES)



Which particular experimental technique?

Applications in Materials and Condensed Matter Physics

1. The kinetic energy and momentum of these electrons are measured by

use of an appropriate instrument;

2. The data measured reflect the electronic properties of the material;

3. ARPES: measures electronic excitations in solid → band structure.

From: http://qcmd.mpsd.mpg.de/index.php/tARPES.html

Angle Resolved Photoemission Spectroscopy (ARPES)

http://qcmd.mpsd.mpg.de/index.php/tARPES.html


Applications in Materials and Condensed Matter Physics

At which Synchrotron Light Source?

ARPES Experiments at Soleil Synchrotron (France)

➢ Photon energy range: 8 - 1500 eV,

➢ Measurement temperature of 5 K;

➢ Ultra-high vacuum conditions (~ 5x10-10 mbar)

From: https://www.synchrotron-soleil.fr/fr/lignes-de-lumiere/cassiopee

https://www.synchrotron-soleil.fr/fr/lignes-de-lumiere/cassiopee


S. A Grigera et al., Science 294 , 329 (2001) Y. J. Jo et al., Phys. Rev. B 75, 0944413 (2007)

Distinct Collective Ground State Properties in Srn+1RunO3n+1

Koster, G. et al. , Rev. Mod. Phys. 84, 253 (2012)K. Ishida et al., Nature 396 (1998)



Sr4Ru3O10

Damascelli, et al. 

Phys. Rev. Let. 85, 5194 (2000)

?

Sr2RuO4

Haverkort et al.,

Phys. Rev. Let. 101, 026406 (2008)

Sr3Ru2O7

?

Tamai, et al. 

Phys. Rev. Let. 101, 026407 (2008)

Band structure 

calculations

ARPES 

experiments 

Electronic Band Structure of Srn+1RunO3n+1 (n=1, 2, 3) Systems

Sr4Ru3O10Sr2RuO4
Sr3Ru2O7

Tamai, et al.

Phys. Rev. Let. 101, 026407 (2008)
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Band structure 

calculations

ARPES 
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P. Ngabonziza et al., 

Sci. Rep. 10, 21062 (2020)

Electronic Band Structure of Srn+1RunO3n+1 (n=1, 2, 3) Systems

G. Gebreyesus, P. Ngabonziza, 

R. Martin et al.,  Phys. Rev. B (2022)

Sr4Ru3O10Sr2RuO4
Sr3Ru2O7

Tamai, et al.

Phys. Rev. Let. 101, 026407 (2008)



T-dependent and Spin-ARPES Study of Sr4Ru3O10

Synchrotron-based ARPES and Spin-ARPES at ALS, Lawrence Berkeley lab 



T-dependent and Spin-ARPES Study of Sr4Ru3O10

P. Ngabonziza et al., in submission (2023)



Topological Insulator (Bi2Te3): 

Both insulating and conducting

Applications in Materials and Condensed Matter Physics

Topological quantum materials: Promising material for quantum technology 
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MBE Grown Bulk Insulating Bi2Te3 Thin Films & Quantum Transport Properties

P. Ngabonziza  et al., Phys. Rev. Mater. 2, 044204 (2018) P. Ngabonziza et al., Phys. Rev. B 92, 035405 (2015) 

P. Ngabonziza et al., Adv. Electron. Mater. 2, 1600157 (2016)



MBE Grown Bulk Insulating Bi2Te3 Thin Films & Quantum Transport Properties

P. Ngabonziza  et al., Phys. Rev. Mater. 2, 044204 (2018) P. Ngabonziza et al., Phys. Rev. B 92, 035405 (2015) 

P. Ngabonziza et al., Adv. Electron. Mater. 2, 1600157 (2016)



In Summary…

❑ Diverse applications:

➢ Health and Pharmaceuticals

➢ Medical applications,

➢ Agriculture and environmental,

➢ Improve the quality of 

University education/research

❑ Revolutionized basic and

applied research in many

scientific and technological

disciplines.

https://quantummaterialsanddevicelab.com/

Quantum Heterostructures and Device Physics Lab @ LSU

https://quantummaterialsanddevicelab.com/
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