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Introduction

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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Introduction

The main experimental and theoretical HEP research projects are located
at CERN, in Geneva. Experimental Particle physicists participates in
several experiments: ATLAS, CMS, ALICE, LHCDb, 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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HEP in Africa: Challenges

» 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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HEP in Africa: Challenges

» 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!

» 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
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Disclaimer!

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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Some HEP activities
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Introduction

Distribution of All CERN Users by Location of Institute on 27 January 2020
| \ < |

MEMBER STATES

Austria 86
Belgium 145
Bulgaria 40
Czech Republic 246
Denmark 43
Finland 85
France 832
Germany 1258
Greece 147
Hungary 74
Israel 71
Ttaly 1498
Netherlands 180
Norway 86
Poland 298
Portugal 88
Romania 115
Serbia 38
Slovakia 75
Spain 350
Sweden 100
Switzerland 364

ASSOCIATE

MEMBERS IN
United Kingdom 944 THE PRE-STAGE
7 1 63 TO MEMBERSHIP
Cyprus 13
Slovenia 21

ASSOCIATE
MEMBERS

Croatia 41
India 186
Lithuania 21

|South Africa 80 |
Sri Lanka 8
Taiwan 55
Thailand 18

OTHERS Canada 206 Iceland & Malta 4
3
2
5
[ UAE. 2
1
1
3
1
3

Chile 22 Indonesia Mexico 5
China 362 Iran Mongolia
Argentina Colombia 21 Ireland
Armenia 13 Cuba 3 Jordan Morocco 1
Australia 23 Ecuador 4 Korea 2 New Zealand 1
Azerbaijan 2 Kuwait Oman
Bahrain 3 stonia ] Latvia Peru
Belarus 27 Georgia 37 Lebanon h Puerto Rico
Brazil 114 Hong Kong 21 Malaysia Singapore

OBSERVERS

Japan 245
Russia 1071

Pakistan 39
Turkey 128
Ukraine 35

USA 1 960

3276
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Introduction
Distribution of All CERN Users by Nationality on 27 January 2020

MEMBER STATES

7149

Austria 95

Belgium 113

Bulgaria 71

Czech Republic 216

Denmark 52

Finland 72 co
France 778

Germany 1177

Greece 216

Hungary 77

Israel 59

Ttaly 1856

Netherlands 170

Norway 59

Poland 31

Portugal 94

Romania 144

Serbia 49

Slovakia 128

Spain 405

Sweden 74 . L=
Switzerland 204 ~ |

United Kingdom OBSERVERS 2 506

Japan 274
ASSOCIATE Russia 1126
MEMBERS IN USA 1106
THE PRE-STAGE
TO MEMBERSHIP
Bolivia 2 nt Ireland Montenegro 8 Saint Kitts Uzbekistan 3
Cyprus 21 OTHERS Bosnia & Herzegovina 2 El Salvador T Jamaica 1 and Nevis 1 Venezuela 10
Slovenia 33 [Bostwana 1]  FEstonia 16 Jordan 2 Myanmar 1 Saudi Arabia 2 Viet Nam 10
Albania 4 Brazl 121, Georgia 54 Kazakhstan 12 Nepal 8 Yemen 1
ASSOCIATE 77 0 EAlgeriq 3] Eumndi 1] IGhana : 1| er.lya 1 New Z_ealand 6 %in apore 4 ?lmbia 1
gentina 22 Canada 155 Gibraltar 1 Korea 161 |Nigeria 2 | Eouth Africa 54| [Zimbabwe 1
MEMBERS Armenia 18 Chile 21 Guatemala 1 Kyrgyzstan 1 North Korea 3 S Lanka 6
Croatia 47 Australia 28 China 569 Hong Kong 1 Latvia 4 North Macedonia 2
India Azerbaijan 7 Colombia 35 Honduras I Lebanon 23 Oman 1 Syria 2
Lithuania Bahrain 3 |Congo 1|  Iceland 5  Luxembourg 3 Palestine 7 Taiwan 47
Pakistan Bangladesh 5 Costa Rica 1 Indonesia 11 Malaysia 19 Paraguay 1 Thailand 24
Turkey Belarus 49 Cuba 16 Iran 46 Malta 5 Peru 6
Ukraine Benin 1 Ecuador 11 Iraq 1 Mexico 80 Philippines 4 Uruguay 1 1 822
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Some Success Stories on HEP
Activities in Africa
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HEP activities in Morocco

Morocco has developed a strong and internationally recognized
research in both experimental and theoretical high energy physics

» Joined the ATLAS experiment e
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...

Rachid Mazini, Academia Sinica Taiwan
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15X15 LGAD array
(20.1X20.3 mm2)
S

HEP activities In Morocco: ATLAS
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High Granularity Timing detector ATLAS phase 2
upgrade HL-LHC upgrade program

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 JMASCIR Assembly site
6 qualified HGTD assembly sites '
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HEP activities in Morocco: KM3Net

A multidisciplinary projects involving [ ) A\ ¥
expertise in mechanics, electronics : r
readout and Quality Control
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HEP activities in South Africa

South Africa
SA-CERN programme

‘ ATLAS, ALICE, ISOLDE, CERN BT
‘ XF @ ... s % o
.. ; V UNIVERSITY OF

tm.m
— UNIVERSIIY OF UNIVERSITY of the %0 RO ZULULAND
VESURS KWAZULU-NATAL WESTERN CAPE “annesre

science & innovation

Department:
Science and Innovation

National Research | Laboratory for Accelerator
Foundation | Based Sciences

Participating institutions : 1 National Facility (iThemba LABS) and 10 Universities U N ] SA

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
A \ |

nivers
u! suull afric

* SA has a long history in High Energy Physics, eg : 1%t
neutrino discovered and studied in nature 1965

* Long history at CERN, BNL, JLAB, JINR, others

* Also a long history of theoretical contributions
* SA-CERN Co-operation Agreement 1992
* Now formal participation at CERN and JINR

b [Most HEP now in the SA-CERN and JINR Programmes
* ALICE since 2001

Decades of * ATLAS since 2010
J ! \ Y “ad hoc” * ISOLDE since 2017
Toroid Magnets  Solenoid Magnet  SCT Tracker Pixe’l Detector TRT Tracker partlcipation ° Theory

* JINR since 2005

Other Experimental project:
« nEXO: Neuntrinoless double B-decay with a detector of 5T 136Xe and Silicon-based
photomultipliers to reach 1028 sensitivity (U. of Western Cape)
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HEP activities in South Africa: TileCal

A major ATLAS Phase2 upgrade project

 Replacing all TileCal LVPS
electronics and increasing
radiation hardness for
handling a total integrated
radiation dose ~400 Gy of
TID, 4 x 10*2 n/cm? of NIEL
and 2.5 x 10%? p/cm? of SEE
estimated over 15 years of
operation.

[ Titecom Embedded LinuxJ CPM Emulator board \ Network Router |

e Tile-PPr is the back-end electronics il
provides bidirectional communication b L
with the front-end electronics for data

readout, configuration and monitoring.
oWits 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 s @R 10
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HEP activities in Egypt nlu'«;vu

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.

Rachid Mazini, Academia Sinica Taiwan October 23d |, 2023 22



HEP activities in Egypt

Egypt involved in the following CMS R&D projects

o

© Resistive Plate Chamber (RPC)
- Prof. Elsayed Salama (B
- Dr. Yasser Assran (BUE)'h
- Shereen Aly (HU)
- Asmaa Fawzi (HU)

- Fatma Abdelkawy (AU)
- Tahany Elhussieny (AU)

® Gas Electron Multiplier (GEM)

- Dr. Ahmed Abdelalim (ZC)
- Dr. Shimaa Abuzeid (AU)

- Dr. Hassan Abdalla (CU)

- Salwa Mohamed (AU)

- Mohamed Elhoseny (CU)

- Aya Beshr (AU)

- Basma Elmahdy (BUE)

Egyptian groups particpate in
* Assembling of RPC detector
* Efficiency tests

LCTRecoEfinMET1  CMS Smutation Predeninary
Wm
NQ
1: e e
“+ + 4+ 2
&+
+

LR

— S ey B Mg » 00

Advantage of GEM
* Combine triggering and tracking functions.
* Enhance and optimize the readout (eta,phi) granularity by improve rate capability.

“45 18 17 1 1%

— OEALCEE Mg 200Be0E 11

_______________

Egyptian groups particdipate in
* Simulation of GEM detector
* Efficiency tests
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HEP activities in Madagascar

The Only African country
i member of the Deep Undeground
Neutrino Experiment (DUNE)

Sanford Underground
Research Facility

Contribution to the Near Detector
Conceptual design report and to
the SAND-System for on-Axis

Near Neutrino Detection

Detector
HEP Phenomenology

Large
iF = SF = It = <= 5 '/_Electron

2 v v Multiplier
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N Grid

Far S l
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Gl Liquid Argon
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Applications derived from HEP projects

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 / Al.
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Conclusion: A bright HEP future in Africa

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.

Rachid Mazini, Academia Sinica Taiwan October 23d |, 2023 26



Organized by Hosted by Endorsed by
RABAT-SALE-KENITRA L
REGIONAL UNIVERSITY él é (g Universite SUR4P

ST b Ibn Tofail

CONSORTIUM iz

Thn You!

TUNISIA

R
xxxxx

Rachid Mazini, Academia Sinica Taiwan October 23 ' 2023



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28

