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The rainbow school of physics

The rainbow
school of physics

Nos 34 & 35 - 25 August & 1 September 2010
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(ASP2020)
Tuesday 2 April 2019, at the Hassan II Academy of Science and Technology - Rabat

Prof. Omar Fassi-Fehri, Permanent Secretary of the Academy, A. Hoummada (Director of Sciences)

- B. S. Acharya (ICTP, Trieste Italy & King’s College London, UK - I0C) ,

H. B. White Jr. (Fermilab, Batavia Illinois USA- IAC)

R. Mazini (Academia Sinica, Taipei Taiwan - 10C) ,

S. Muanza (CNRS-IN2P3, Marseille France- 10C) ,

H. Severini (University of Oklahoma, Norman Oklahoma USA 13 Fermilab, Batavia lllinois USA - IAC) ,
E. Dabrowski (CERN, Geneva Switzerland - 10C) ,

L. Elouadrhiri (Jefferson Lab, Newport News Virginia USA - IAC) ,

A. K. A. Assamagan (BNL, Upton New York USA - 10C),

M. Chabab (Cadi Ayyad University, Marrakesh Morocco - LOC),

R. Cherkaoui El Moursli (University Mohammed V in Rabat and Hassan |l Academy, Rabat Morocco - ),
F. Fassi (University Mohammed V in Rabat, Rabat Morocco - LOC),

M. Gouighri (Ibn Tofail University, Kenitra Morocco- LOC),

M. Mansour (Sultan My Slimane University, Beni Mellal Morocco - LOC),

A. Arhrib (Abdelmalek Saadi University, Tangier Morocco - LOC) ,

Y. Tayalati (University Mohammed V in Rabat, Rabat Morocco- LOC),



(ASP2024) In Morocco

Approval of : Prof. Omar Fassi-Fehri, Permanent Secretary of the Academy,

Academy’s Governing Bodies : Academy Council and Works Commission

Moroccan High Energy Physics Cluster : Representative of Morocco at ATLAS Experiment and CERN since 1995
- Cadi Ayyad University, Marrakesh ,

- University Mohammed V - Rabat

- Ibn Tofail University, Kenitra,

- Abdelmalek Saadi University, Tangier,

- University Hassan Il of Casablanca

- University Mohammed 1st of Oujda

- MASCIR

- University Mohammed VI Polytechnic

Others institutions : .....

- Local Organizing Committee
- Date and duration : 2024
- Venue:

- Format and scientific program of the school : Same as 2022



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



ANTLAS
Collaboration

Collisions at LHC

Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10"2 eV)
Luminosity 10*%* cm? s

Bunch Crossing rate 40 MHz
Bretan Collisions =  107-10°Hz
Event rate in ATLAS : N =L x © (pp) =
Parton 9 : .
ek o 10° interactions/s
Particle Selection of 1 in

10,000,000,000,000
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ire de Physiqué des Hautes Energies-
ATLAS OVERVIEW WEEK 2013 Y.
07-11 October - Marrakech, Morocco




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
Avre there extra dimensions of space ?
What is the trajectory of our universe ? How did it evolve ?

— The destiny of the universe
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What is the origin of particle masses? - B
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Why so many types of matter

Strong force
o
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particles?

Gravitation

Unification of the fundamental forces

Quantum theory of gravity?




L'histoire de I'Univers et son contenu

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

Enegie sombre

Rayonneyentus Ages Expansion accélérée
fond cosmologique sombres Developpe ment des B N
400.000 yrs. Galaxies, Planetes, etc.

Fluctuations
Flt Quantiques

Prefiéres étoiles
envifon 400 million yrs.

Big Bang et Expansion

t =380 000 ans 13.7 billion years

Des observations de I'évolution et de la structure de I'Univers, nous
déduisons aujourd'hui que notre matiere ordinaire (nous, les planéetes, 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 matiere sombre ?



Our research activities:

» Phenomenology of Particle Physics: Tangier (A.A), Marrakech
(M. Chabab), Safi (R. Benbrik), Agadir (L. Rahili) ,
Benimellal (B. Manut), Rabat (E.H Saidi),

» Tools for HEP: Tangier (A.A), Marrakech (M. Chabab) , Safi
(R. Benbrik), Agadir (J. ElFalaki)

» Cosmology, Black Holes, Branes and String theory: Marrakech
(M. Chabab), Rabat (R. Ahl Laamara, A. Belhaj), Oujda(T.
Ouali), Agadir (H. Moumni), A. Jellal (ElJadida) , Casablanca
(M. Benai)

» Quantum information: Kenitra (M. Daoud), Rabat (Y. El
Hassouni), Benimellal (M. Mansour)



Research topics

1. Radiative corrections in the SM and beyond.

» Radiative corrections to several SM Dbservableis at 1-loop level
and try to find a hint for new physics: h — ff; h — VV;
ete™ — Zhsp. HH—; pp — hh; triple Higgs coupling hhh.

Very complicated calculation, too many Feynman diagrams

\/

www.FeynArts.de |, www.FormCalc.de

\J

Model file for FeynArts: 2 Higgs doublet model w/wo CP
violation

\/

2. Perturbative unitarity and boundedness from below for
scalar potentials and EWPT

» Many BSM models, involve Higgs with high representation:
more doublet, more singlet, doublet and triplet...

» Several CP-even Higgses, CP-odd, charged Higgs, doubly
charged Higgs...



3. Charged Higgs phenomenology

» Charged Higgs decay in extended Higgs sector: Bosonic decay
of the charged Higgs H* — W=h, W*A

» Radiative corrections to eTe™ — HTH—
4. Vector like quarks(VLQ): T, B, X, Y...

» VLQ associated with extended Higgs sector may lead to new
signatures for the new quark decays.

» TJools

>

-
-

vy

Radiative corrections is a very complicated task, too many
Feynman diagrams

www.FeynArts.de , www.FormCalc.de

Model file for FeynArts: 2 Higgs doublet model with /without
CP violation

Model file for FeynArts: Higgs triplet Model (type |l seesaw)
HEP tools (include VLQ in the existing tools)



6. Cosmology, Black Holes, Branes and String theory:

» Finding out phase transitions and thermodynamical properties
of black holes in general relativity and beyond.

» Probing the behavior of black holes in the presence of
perturbation: quintessence, cloud of strings... in modified
gravities

» String theory and branes,

» |nflationary Cosmology:
Non-minimal Higgs inflation in the context of holographic

cosmology.
An interacting holographic dark energy model within an

induced gravity brane.

7. Astronomy and astrophysics:

» Qualification studies of astronomical sites.
» Detection of exoplanets by photometric measurements.

» Trappist Nord (Marrakesh-Oukaimden and Liege):
(TRAnRsiting Planets and Planeteslmals small Telescope), to
observe both exoplanets and comets. A twin telescope is
already operating in Chili.



8. Experimental Physics and collaborations :

* LHC-CERN, ATLAS experiment (Rabat, Casablanca, Marrakech,
Oujda and Kenitra) and CNRST

* Search for new physics in Top-Antitop Production at ATLAS.

* Charged Higgs search.

* Search for high energy cosmic neutrino and determination of the
neutrino mass hierarchy with KM3NET and Antares undersea
telescopes (ltaly, France, Greece and Morocco): (Rabat,

Marrakech, Oujda )

The Kenitra HEP group is joining three international collaborations :
- Hyper-Kamiokande Collaboration in Japan (Kenitra, Rabat, Casablanca, UMG6P)
- 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(yy)W+ with 0 & 1 lepton in
the final state at vS =13 T eV
and the ePIC collaboration at EIC - (USA)




LPHEA: HEP Phenomenology — Pr. M. Chabab - Marrakech

Higgs Sector \

Gauge sector WIEES Orlgm
G W Zy

Matter sector

Quarks & Leptons

Standard
Mode 1
| Extended Higgs Models 11998
Neutrino mass sector
Dark '
Hierarch
matter Solve Introduce !




Hyper-K Collaboration

20 countries, 99 institutes, ~500 people as of Jan 2022, and growing T e e, B TR e
ountries, 99 institutes,
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Team leader of the Moroccan cluster - Pr. Mohamed Gouighri - Ibn Tofail University of Kenitra
Casablanca — UMG6P — Rabat



The Hyper-Kamiokande Experiment

Neutrino Oscillations

Neutrino Oscillations
will be measured based
on accelerator and
atmospheric neutrinos.

Astrophysical Neutrinos

Solar, supernova, and
supernova relic
neutrinos will be explored
for astronomical research.

Rare Decays

Rare processes such as
proton decay or neutron
decay processes that
violate baryon number will
be searched.




'Neutrino Oscillations

PMNS mixing matrix relates mass and flavour eigenstates i3
Free parameters usually written in terms of three rotation angles
and one complex phase: 0,,, 6,3, 0,3, Ocp

Parametrise mixing matrix U as: ci=cosBi si=sinb;

Accelerator/Reactor Atmospherics

513Ei8 (1 )
C13 —523 (23

Hyper-Kamiokande will be
able to study the solar,
atmosphenc and accelerator
neutrinos.

en0 &l 0 00 ¢y 0 s.e"%c, s, 0CE 7,0
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The Reactor Anomaly (casablanca since 1995)
STEREO experiment at ILL - Grenoble
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= Best fit : u =0.927 £ 0.023
ROVNOB8_3S ' i 0.92 +0.01 0.07
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RONOS3 2 ' ' 095 4001 +0.06 Wrong prediction of v spectra -
.0m
1R8%\H<N088*1| t { 0.90 +0.01 +0.06 *Bias in a” experiments ?
SRP-II —th— 1.00 +0.01 +0.04
238m . . . .
Sgp- EAD 094 £0.01 <003 *New physics at short baselines... steriles neutrinos
£3|‘7|E H——h— 0.79 +0.06 +0.05
m
Goesgen-Ill =t ! 0.91 +0.04 +0.05
65.0m
Goesgen-II b r'S i 0.97 +0.02 +0.06
46.0 m
Goesgen-| t +— 0.95 +0.02 +0.06
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Hep - theory

Singularité —

LI LabVego

> 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? :



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

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

(El Batoul, Lahbas, El Adri, ElI Bassem, Moumene, Oulne, Ait
Korchi, MC) — UCA-Marrakech



@KI\/BNeT: Next generation detectors

KM3NeT is a distributed research infrastructure with 2 main physics
topics:

- Low-Energy studies of atmospheric neutrinos

& KM3NeT:-HQ

The KM3NeT Research Infrastructure
3 Installation Sites in the Mediterranean

] KM3NeT-Data Eentre

I KM3NeT-FR

Low-Energy

KM3NeTl-Gr
ORCA (

I KM3N'eF'T-It

High-Energy
ARCA
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A &A Research topics

Main tower - —
\ \1:::.(Exoplanetes and Spectroscopy) , KACCOLR ‘1
B — (Lunar Observations)

RENOIR Project

B (Space Wheater) - (DL

=




Search for new physics at LHC with the ATLAS detector

(Casablanca — Dris.Benchekroun@cern.ch)

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

Theoretical context : 2HDM + a model ) ey
Expected signal : 2 leptons + missing E; %Lwaev
/" E">90GeV
 Search for low mass dimuon resonances : ' o 29
Dark photon, (Axion Like-Particle) ALP ... 1 H‘f<‘

e Search for di-Higgs production at LHC : |
- resonant and non-resonant production :

bbll and 4b channels Nt e

* Search for ALP in the channel : H-—aa = 4 photons .~ * "

q
KK,
VA

KK
vy



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 Matiere Condensée et Sciences Interdisciplinaires (LaMCScl) — 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

e Matter radiation Interaction — Pr. Bouzid Manaut — University Moulay Ismail — Beni
Mellal

— Relativistic and ultra-relativistic Laser Matter interaction
— Relativistic atomic physics

— Nuclear Physics

— Materials Physics

— Energy storage



Le Maroc en Afrique : Comparaison de I'évolution de la PSI par pays
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Autres pays
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https://barometre.cnrst.ma/images/pdf/Etude_Production_Scientifique-Edition2021.pdf

Graph.2: Evolution tomporelle des publications par pays
(WOS 2016-2020)
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Graph.3: Distribution des publications des cing pays par domaines CAPES (WOS 2016-2020)
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Systeme National de Recherche et d’Innovation

Gouvernement Académie Hassan I <>
Sciences & Techniques :
Relations hiérarchiques

-------- Relat d =raf . .. . :
elations de tooperation Conseil Superieur Education, }

) i ientifi :

/ Comité permanentinterministériel de la RETEHEGE FEEIEIE G FEEME e

recherche scientifique, de I'innovation et
du développement technologique

Ministéere de I'Education Nationale, .
i L. de la Formation Professionnelle, de [®==========n==ne- =

Départements Ministériels <-- :

I'Enseignement Supérieur et de la
Recherche Scientifique

A

-----------------------------------------

Secteur Privé fasssesshassssssasssnsnandeasannnns prmsssnnnn

CRT Etablissements Universités et les
Etablissements ’ i ari : i Etablissements créés
Sulilfes ol d’enseignement supérieur . Enseignement
ne relevant pas des . supérieur privé dansle cadre de
recherche . i = artenariat
universités Y

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



Mission | - Promote, fund and develop the scientific and technical research

1. Solemn Annual Plenary Sessions m

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”. February 16-18, 2016

(Commemoration of the 10th A™iversary of the Academy)

"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



Mission | - Promote, fund and develop
the scientific and technical research

2. Funding of research projects

Research support program Number of
projects funded Spin off
(2007-2022)
Call for tenders 2007-2008 17
Call for tenders 2010-2011 12 - Involved scientific
personne: 1074
Excluding tenders 04 - Masters : 262
. . - Number of scientific
International collaboration 04

articles : 1016

(Brazil, Spain, France and Senegal) - Number of patents: 5

Public-Private Partnership: Academy, 03 - Number of scientific
Ministry & SAFRAN Group conferences and
(Aeronautics) congresses: 1142




Scholarships

- Moroccan Agency for International Cooperation - AMCI

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.

- 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 Il 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

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

- Private Institutions : Private Universities, OCP, Foundations



Muon Detectors Electromagnetic Calorimeters

Forward Calorimeters

End Cap Toroid

Barrel Toroid Inner Detector edioric Blameiars Shiélding
Diameter
25m
Barrel toroid length 26 m
End-cap end-wall chamber span 46m
Overall weight 7000

Tons




Argentina
Armenia
Australia
Austria
Azerbaijan
Belarus .
Brazil
Canada
Chile
China
Colombia

Morocco

Netherlands

Norway
Poland
Portugal
Romania
Russia
Serbia
Slovakia
Slovenia

South Africa

Modele d organisation globale qui vise Ia coopération
ouverte non concurrentielle sur le long terme.

TRV Nt |
Maroc membre d'ATLAS depuis 1996, a travers le
RUPHE. Un exemple pour le Magreb et I'Afrique.

e e e L

AVILPASS

.C.ollaboratiovnv . %

On peut regretter que I'Afrique et le Moyen Orient
ne soient pas plus présents, car la science est

un vecteur de paix et de développement parmi les
peuples.



