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Introduction
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Missing mass

High Energy Physics include a wide area of activities, underlining the

connection between observed physics phenomena, from smallest fine

structure of matter to the large structure of the Universe

Besides Particle and AstroParticle Physics, many aspects in detector

technology and instrumentation, data acquisition systems, High

performances computing and data analysis techniques are now an

intrinsic part of HEP research projects.

Current knowledge in HEP leaves open fundamental questions related to

both our understanding of the structure of matter (Standard Model

shortages) as well as to our Universe and its evolution:

➢ Hierarchy problem in fundamental particles, missing antimatter, Dark

Matter and Dark energy, Nature of gravitation, large unification…

Tremendous efforts, with both accelerator- and not-accelerator-based

experiments, led by large international collaborations are underway to

provide “some” answers, with the possibility of unveiling new phenomena.
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Missing mass

The main experimental and theoretical HEP research projects are located

at CERN, in Geneva. Experimental Particle physicists participates in

several experiments: ATLAS, CMS, ALICE, LHCb, Faser…

Several Underground, underwater and even under-ice experiments are 

focused on observing cosmic radiations, different type of neutrinos 

sources, showers made of unltra-high energy

HEP is rather a recent scientific research field in Africa, with only a 

handful of countries involved in few experiments, mainly at CERN.

But development over the last 20 years showed the existing potential in 

Africa, not only to participate to such projects, but to play major roles that 

helped to strengthen the filed in several countries.

Not to forget the importance of promoting scientific spirit through outreach 

programs, community building, training of highly-qualified students, 

engineers…
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Missing mass

➢ Gaps in human capital and Infrastructure deficits

➢ Weak or non-existing support systems for research

➢ Barriers to international mobility Reduced presence of African 

countries in world wide scientific collaborations

➢ Lack of collaboration among African countries

BUT!
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➢ Many committed scientists in several countries lead the way to create 

a solid scientific program and high-level graduate education standards 

➢ Contributing to a variety of international collaborations and large scale

HEP experiments

➢ Developing recognized expertise's in cutting-edge HEP topics

➢ Resulting in the creation of some successful government programs 

supporting research in fundamental sciences



5

Disclaimer!
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Missing mass

This is not an exclusive list of HEP activities in Africa, but

rather a list of successful projects that may lead to further

development and inter-African collaboration in the future.
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HEP in Africa: The big picture
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Missing mass

Colors # grey

Some HEP activities
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Missing mass

ATLAS, Antares, 

KM3Net, Hyper-
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Theory
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Some Success Stories on HEP

Activities in Africa
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Missing mass
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HEP activities in Morocco
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• Joined the ATLAS experiment

in 1996 as a full member with

a cluster of 3 universities.
➢ Liquid Argon EM calorimeter

construction and operation. SM

and Higgs physics

• Currently 6 Universities and

one Technical Institute
➢ Strong contribution to BSM

physics, Dark Matter…

➢Crucial involvement in the

ATLAS phase-2 upgrade:

hardware, computing, physics

• Joined Antares experiment

in 2011 with a cluster of

three universities.
➢Significant contribution to the

detector operations/control,

computing and exotic physics

searches (magn. Monopoles)

• A major role in the upgrade

project KM3Net, with a MoU

in 2016 for the multi-PMT

optical modules (DOMs)

production line in Morocco.

• Joined the new (upgraded) 

Hyper-Kamiokande

experiment in 2021

• Cluster of 4 universities

• Several graduate students

already enrolled and

working on detector

simulation, calibration… 

Morocco has developed a strong and internationally recognized

research in both experimental and theoretical high energy physics



18

HEP activities in Morocco: ATLAS
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15⨉15 LGAD array

(20.1⨉20.3 mm2)

15x15 full size hybrid 

High Granularity Timing detector ATLAS phase 2 

upgrade HL-LHC upgrade program

MASCIR Assembly site

ATLAS Morocco Cluster heavily involved in HGTD activities:

• Off-detector electronics. PEB design

• Detector control system (DCS)

• Data acquisition system: Front-End Link eXchange (FELIX) test

• Modules and detector assembly, QC. MASCIR institute is one of 

6 qualified HGTD assembly sites 
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HEP activities in Morocco: KM3Net
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A multidisciplinary projects involving 

expertise in mechanics, electronics 

readout and Quality Control 
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HEP activities in South Africa
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Other Experimental project: 
• nEXO: Neuntrinoless double -decay with a detector of 5T 136Xe and Silicon-based 

photomultipliers to reach 1028 sensitivity (U. of Western Cape)

Rachid
Rectangle
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HEP activities in South Africa: TileCal
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LVPS inside TileCal. LVPS brick inside TileCal. Latest High efficiency Brick

• Replacing all TileCal LVPS 

electronics and increasing 

radiation hardness for 

handling a total integrated 

radiation dose ~400 Gy of 

TID, 4 x 1012 n/cm2 of NIEL 

and  2.5 x 1012 p/cm2 of SEE 

estimated over 15 years of 

operation.

● Tile-PPr is the back-end electronics 

provides bidirectional communication 

with the front-end electronics for data 

readout, configuration and monitoring. 
○Wits University contributes 24% to the Tile-

PPr in terms of developments and production 

of boards. With 6 Tile Gigabit Ethernet Switch 

from two South African companies.

A clear example of a successful Academia-

industry partnership

A major ATLAS Phase2 upgrade project 
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HEP activities in Egypt
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Developed under the umbrella of The Academy of Scientific Research and 

Technology Egyptian Network of High Energy Physics (ASRT-ENHEP)

ENHEP had been established since 2008 to promote scientific 

collaboration between researchers and Egyptian academic institutions 

Train young scientists on theoretical assumptions, experimental particle 

physics, data analysis,…

ENHEP strong engagement with CERN to establish experimental 

expertise for LHC accelerator/detector parts and high standard electronic 

equipment. Develop simulation techniques of environmental and industrial 

impact.

ENHEP consists of 15 institutes, providing a structured academic and 

scientific support for students, junior physicists and newcomers in HEP 

fields.
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HEP activities in Egypt
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HEP activities in Madagascar
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The Only African country 

member of the Deep Undeground 

Neutrino Experiment (DUNE)

Contribution to the Near Detector 

Conceptual design report and to 

the SAND-System for on-Axis 

Neutrino Detection

HEP Phenomenology

Near 

Detector 

Far 

Detector 
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Applications derived from HEP projects 
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Acquired expertise in detector technology and instrumentation as well as 

high performance computing was used to develop several applications 

beyond fundamental research in HEP

Application of silicon-based LGAD sensors (HGTD) in Flash-Radiotherapy, 

beam monitoring and fast medical imaging.

Application of Machine Learning techniques during COVID19 pandemic 

Application of ML and Artificial intelligence in environmental

pollution prediction and Tuberculosis propagation (NEW)

Development in High performance computing, Grid and cloud infrastructure, 

New CPU/GPU accelerator technology, Quantum Computing ion HEP…

A huge potential to build interdisciplinary research projects for further 

applications in many other fields, especially in Medical Physics and 

Information technology / AI. 
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Conclusion: A bright HEP future in Africa
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Many African countries went beyond capacity building in High Energy Physics 

and are now recognized and efficient contributors to several international 

collaborations.

The experience gained over the last 20 years should be used to strengthen 

and develop the HEP field in Africa, beyond the current involved countries and 

projects:

➢ Future accelerators (FCC, ILC , CEPC, EIC), underground experiments 

(DUNE, HYPE-K…) and the new PAUL-Facility initiative (First African 

underground lab) all offer a huge potential

More Inter-African collaborations are needed for resources sharing and 

optimisation, expertise and knowledge transfer as well as scientific community 

building:

➢ Conferences, workshops, specialized schools for students and junior 

scientists, student exchange programs are all important tools to provide 

an effective scientific environment for HEP and beyond.

A crucial government and well planned support, in addition to a 

dedicated scientific community, is the key to a successful research 

program in HEP. 
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Thank You!
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Missing mass
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