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The worldwide Fundamental Physics

• What our world is made of

– How it works at the most fundamental level

• Particle physics

– Physics experiments

– Accelerators

– Underground laboratories

– Space observatories

– Lasers

• International huge collaborations



The ATLAS Experiment 

Event rate in ATLAS : N = L x  (pp) 

109 interactions/s 

7000 t 
54m x 28m3000 Physiciens



A. KETEVI



ATLAS - CNRST

• Réception des serveurs (DON CERN) –
19/11/2012

• Installation et configuration des 
serveurs – 27/11/2012

• Visibilité du site sur Gstat et les autres 
outils de monitoring – 30/11/2012



Open Questions from Twenty to Twenty First Century

• What message do neutrinos bring from the beginning of time ?

– Nature of neutrino (Dirac or Majorana, other,…), origin of his mass

• What’s the matter with antimatter ?

• How can we solve the mystery of dark energy ?

– Universe  expansion

• What is dark matter ? 

– Nature of dark matter

• Are there extra dimensions of space ?

• What is the trajectory of our universe ? How did it evolve ?

– The destiny of  the universe



Open Questions beyond the Standard Model

• What is the origin of particle masses?

due to a Higgs boson?

• Why so many types of matter 

particles?

• Unification of the fundamental forces?

• Quantum theory of gravity?



L'histoire de l'Univers et son contenu

L'évolution et la structure de l'Univers dépendent de son contenu !

t = 380 000 ans

Des observations de l'évolution et de la structure de l'Univers, nous 
déduisons aujourd'hui que notre matière ordinaire (nous, les planètes, les 
étoiles, les galaxies ...) ne compose qu'environ 4 % de
notre Univers. L'essentiel nous échappe ....

Est-ce que le LHC pourra créer un peu de cette matière sombre ?

énergie 
sombre











The Kenitra HEP group is joining three international collaborations : 
- Hyper-Kamiokande Collaboration in Japan (Kenitra, Rabat, Casablanca, UM6P)
- The ATLAS collaboration at CERN , Physics analysis level :

- Search of high mass resonances decaying into pairs of di-bosons
- Di-Higgs searches in bbVV* decay channel : two modes (resonant and non-

resonant)
- Search for the charged Higgs boson decaying via H+ → h(γγ)W+ with 0 & 1 lepton in 

the final state at √S = 13 T eV
and the ePIC collaboration at EIC - (USA)



Neutrino mass

Dark 

matter

Higgs Sector

Gauge sector
G, W, Z, γ

Matter sector
Quarks & Leptons

Standard 

Model

Mass Origin

Higgs 

sector   

Hierarchy 

problem

Beyond the Standard Model ……..

Extended Higgs Models

IntroduceSolve

LPHEA: HEP Phenomenology – Pr. M. Chabab - Marrakech
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Team leader of the Moroccan cluster - Pr. Mohamed Gouighri - Ibn Tofail University of Kenitra
Casablanca – UM6P – Rabat 





   

n e

nm

nt

æ 

è 

ç 
ç 
ç 

ö 

ø 

÷ 
÷ 
÷ 

=

1 0 0

0 c23 s23

0 -s23 c23

æ 

è 

ç 
ç 
ç 

ö 

ø 

÷ 
÷ 
÷ 

c13 0 s13e
id

0 1 0

-s13e
id 0 c13

æ 

è 

ç 
ç 
ç 

ö 

ø 

÷ 
÷ 
÷ 

c12 s12 0

-s12 c12 0

0 0 1

æ 

è 

ç 
ç 
ç 

ö 

ø 

÷ 
÷ 
÷ 

n1

n 2

n 3

æ 

è 

ç 
ç 
ç 

ö 

ø 

÷ 
÷ 
÷ 



The Reactor Anomaly (casablanca since 1995)
STEREO experiment at ILL - Grenoble
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▪ Best fit : μ = 0.927 ± 0.023 

▪ At least three alternatives:

•Wrong prediction of n spectra ? 

•Bias in all experiments ?

•New physics at short baselines… steriles neutrinos

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

Expected, NEW
n / 

Measured
n

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.40.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

PDG2010

=881.5s
n

t  Average 0.023± X0.927

Bugey-3/4
14.9 m

0.03±X0.00±X0.93

ROVNO91
18.0 m

0.03±X0.02±X0.92

Bugey-3/4
14.9 m

0.04±X0.00±X0.93

Bugey3
40.0 m

0.04±X0.01±X0.94

Bugey3
95.0 m

0.04±X0.11±X0.86

Goesgen-I
38.0 m

0.06±X0.02±X0.95

Goesgen-II
46.0 m

0.06±X0.02±X0.97

Goesgen-III
65.0 m

0.05±X0.04±X0.91

ILL
8.76 m

0.05±X0.06±X0.79

Krasnoyarsk-I
33.0 m

0.06±X0.03±X0.92

Krasnoyarsk-II
92.3 m

0.05±X0.18±X0.94

Krasnoyarsk-III
57.3 m

0.05±X0.01±X0.93

SRP-I
18.2 m

0.03±X0.01±X0.94

SRP-II
23.8 m

0.04±X0.01±X1.00

ROVNO88_1I
18.0 m

0.06±X0.01±X0.90

ROVNO88_2I
18.0 m

0.06±X0.01±X0.93

ROVNO88_1S
18.2 m

0.07±X0.01±X0.95

ROVNO88_2S
25.2 m

0.07±X0.01±X0.94

ROVNO88_3S
18.2 m

0.07±X0.01±X0.92

Oscillations Function sin22q= 0.31 - Dm2 = 2.23ev2



➢ Strong  Gravity & Black holes

o Black holes Thermodynamics in General  
Relativity and Higher dimension Theories.

o Criticality and Phase transitions
o Quasi normal modes of BH: a tool to probe 

GW ?                                                                                          

Hep - theory

2
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Theoretical Nuclear 

Physics 

▪Development of new theoretical approaches within collective

models: Particularly, improved geometrical model of Bohr-

Mottelson.

▪ Aim: calculations of different collective properties of nuclei

(Energy spectra, transition rates.…)

▪ Analytical Solutions of many differential wave equations

(Schrödinger, KG, Dirac,..) via powerful mathematical methods:

(El Batoul, Lahbas, El Adri, El Bassem, Moumene, Oulne, Ait

Korchi, MC) – UCA-Marrakech

2
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KM3NeT: Next generation detectors

Low-Energy

ORCA

High-Energy

ARCA

KM3NeT is a distributed research infrastructure with 2 main physics 

topics:

-Low-Energy studies of atmospheric neutrinos 

-– High-Energy search for cosmic neutrinos: Neutrino Astronomy Era

2
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Trappist North

(since October 2016…)



A &A Research topics



Search for new physics at LHC with the ATLAS detector 
(Casablanca – Dris.Benchekroun@cern.ch)

• Search for dark matter produced in association with a Z boson : 

Theoretical context : 2HDM + a model 

Expected signal : 2 leptons + missing ET

• Search for low mass dimuon resonances :

Dark photon, (Axion Like-Particle) ALP … 

• Search for di-Higgs production at LHC : 

→ resonant and non-resonant production :

bbll and 4b channels 

• Search for ALP in the channel : H -→aa → 4 photons



Study of non-collision background at 
LHC

• Study of signals not produced by normal 
collisions at LHC 

• Cosmic rays background signal

• Measure of muons +/- rate : test of atmospheric 
shower models 

• Study of parasitic collisions : p-p collisions not 
occurring at the nominal interaction point



Solid state physics – atomic physics – Matter Radiation Interaction 

• Laboratoire de Matière Condensée et Sciences Interdisciplinaires (LaMCScI) – Pr. H. Ez-
Zahraoui & A. Benyoussef

– New materials for energy and Hydrogen storage

– Materials and system for magnetic refrigeration 

– Perovskites / oxides studies

– Energy storage in nanomaterials 

– Materials at low dimensions and nanoparticles

• Matter radiation Interaction – Pr. Bouzid Manaut – University Moulay Ismaïl – Beni
Mellal

– Relativistic and ultra-relativistic Laser Matter interaction 

– Relativistic atomic physics

– Nuclear Physics

– Materials Physics

– Energy storage



23 400

18 500

8655

6615

3008

AFS

EGY

TUN

MAR

ALG

KEN

NIG

Le MAROC  6ème en AFRIQUE

Le MAROC  4ème en AFRIQUE du Nord

Le Maroc en Afrique : Comparaison de l’évolution de la  PSI par pays



https://barometre.cnrst.ma/images/pdf/Etude_Production_Scientifique-Edition2021.pdf



Système National de Recherche et d’Innovation

32

Relations entre les différentes structures intervenants 
dans la RS : complexité ; manque de coordination … 



Mission I – Promote, fund and develop the scientific and technical research

Activities 

1. Solemn Annual Plenary Sessions Date
Solemn Inaugural Plenary Session May 18-20, 2006

Presentation of 26 communications covering various scientific disciplines February 21-23, 2007

C elebration of the “International Year of Planet Earth” February 20-22, 2008

“The lessons of the world food crisis, agri-food strategies and the contribution of scientific research”. February 25-27, 2009

"emerging and re-emerging diseases, and pandemic threats" February 17-19, 2010

"Chemistry facing the challenges of sustainable development" March 16-18, 2011

“Computational Sciences and Engineering (SIN)” February 15-17, 2012

“Physics today and its applications February 20-22, 2013

“Renewable Energy Sources and Energy Transition: Facts, Challenges and Opportunities for Morocco”. February 19-21, 2014

“Natural hazards: Earthquakes, storm surges, extreme climatic phenomena”. February 24-26, 2015

“Science in all its states”.
(Commemoration of the 10th Anniversary of the Academy)

February 16-18, 2016

"Ocean and Climate-Case of Morocco" February 21-23, 2017

“Research&Development, Innovation and Industrialization” February 20-22, 2018

“Engineering and medicine at the service of diagnosis, prevention and therapy” February 26-28, 2019

“Natural heritage and sustainable development ” February 25-27, 2020

Postponement due to Covid-19 2021

Postponement due to Covid-19 2022

Food security and sovereignty of Morocco: Role of Science and Innovation 2023 14
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Activities

2. Funding of research projects

Research support program Number of 

projects funded

(2007-2022)

Spin off

Call for tenders 2007-2008 17

- Involved scientific

personne: 1074

- Doctorates supported: 231

- Masters : 262

- Number of scientific 

articles : 1016

- Number of patents: 5

- Number of scientific 

conferences and 

congresses: 1142

Call for tenders 2010-2011 12

Call for tenders 2017-2018 07

Excluding tenders 04

International collaboration

(Brazil, Spain, France and Senegal)

04

Public-Private Partnership: Academy, 

Ministry & SAFRAN Group 

(Aeronautics)

03

T o t al 47

Mission I – Promote, fund and develop  
the scientific and technical research



For the 2019/2020 academic year, approximately 14,500 foreign students continued their studies in 

Moroccan public higher education institutions, including 12,500 students from 47 African countries 

have benefited of scholarships from the Kingdom of Morocco.

- Moroccan Agency for International Cooperation – AMCI 

Scholarships

- ASRIC-AU in partnership with Euro-Mediterranean University of Fes (UEMF)
2019, 2021, 2022 and 2023 – UEMF offered 40 scholarships for African PhD Students

The scholarship includes; tuition fees of about $9,000, an annual return ticket from the student home country with 
a maximum contribution of $1,000 during summer vacation, and stipend allowance of $1,000 monthly for 11 
months every year.

https://blog.aau.org/call-for-applications-3rd-asric-uemf-phd-scholarships-for-african-students/

- Hassan II Academy Excellence Allowance
Since 2010 the Academy in partnership with the Ministry of National Education stipend substantial allowance up to 
1600 Euros per month, for 10 students, each year, having the best results at the Baccalaureate, up to now 108 
students benefited of this allowance. PHD students in the best Universities of the world : Colombia University, 
University of Berkley, ENS Paris, Ecole Centrale, Ecole Polytechnique, MIT, ENS Cachan, University of Montreal, 
University of Harvard

- CNRST Excellence Allowance
300 scholarships offered by the CNRST to the best Master students for PhD studies

- Private Institutions : Private Universities, OCP, Foundations

- Ministry of High Education Scientific Research and Innovation : 70% (30.000) of Master and PhD students benefit 
of 150 Euros per Month as Scholarship 



Diameter
25 m

Barrel toroid length 26 m
End-cap end-wall chamber span 46 m
Overall weight 7000 
Tons

The ATLAS Detector

3000 Scientists from 178

Institutions and 38 countries 



3000 scientifiques (dont 1000 étudiants), 38 pays, 174 universités et laboratoires 

Modèle d'organisation globale qui vise la coopération
ouverte non concurrentielle sur le long terme.

On peut regretter que l'Afrique et le Moyen Orient 
ne soient pas plus présents, car la science est
un vecteur de paix et de développement parmi les
peuples.

Maroc membre d'ATLAS depuis 1996, à travers le
RUPHE. Un exemple pour le Magreb et l'Afrique.


