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High energy frontier

Complete the LHC and HL-
LHC program à2040

Decide on a e+ e- Higgs 
factory in 2025 to operate 

it it on 2045

Target multi 10 TeV 
physics with a 100 TeV 

hadron collider or a muon 
collider to operate in 2070





Higgs Boson decay at HL-LHC



Higgs potential at HL-LHC

Measurement of l
and beyond l
is crucial for HL-LHC and
future colliders



European strategy for particle physics 2020 

• Europe, together with its international partners, should
investigate the technical and financial feasibility of a future 
hadron collider at CERN with a centre-of-mass energy of at 
least 100 TeV and with an electron-positron Higgs and 
electroweak factory as a possible first stage. Such a 
feasibility study of the colliders and related infrastructure 
should be established as a global endeavour and be
completed on the timescale of the next Strategy update 
(2027).













MUON COLLIDER



Many small or medium size precision 
experiments to test the Standard model

US:

g-2
B decays

Anti hydrogen atoms
Electric dipole moment, n  e
Parity violation and Tests of the SM with ultra cold atoms  in the spirit of Bouchiat Bouchiat parity violation 
experiments.. Beyond the standard model and beyond general relativity evidences might be found first  there.



Neutrinos Physics











0 neutrino double beta decay







High Energy Physics without accelerators











DARK MATTER SEARCH
• Through the high energy frontier (production at high energy 

accelerators)
• Direct detection of dark matter around us
• Indirect detection of dark matter annihilation in the center of the 

earth, of the sun, of our galaxy where it should accumulate
• Other various methods (axion, sterile neutrinos…)





INDIRECT DETECTION: annihilation in the center of the earth or sun



Evidence for Dark Matter or not
from positron Cosmic Ray 
Spectrum in AMS
Samuel Ting vs Sylvie Rosier
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S.	K.	Katsanevas	EGO	Director 2018	- 2022

VIRGO: Project initiated in France by A. Brillet, 
accepted after the P. Fleury review panel 
examination (1990)
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Gravitational Waves	« Frequency	Domain »	Analysis

LISA                2G/3G GW

Discovering (direct or indirect) the stochastic GW background from inflation would be a major discovery



Black holes as dark matter?

• Most events seen by LIGO/VIRGO are coalescence of 
few tens of solar masses black holes (excellent 
laboratory to test General Relativity)! Could these 
black holes be the dark matter in the universe?
• Very recently the EROS collaboration, combining its 

data with MACHO, has shown that the dark matter in 
the halo of our galaxy cannot be made of compact 
objects of masses between 10-6 and 103 solar masses
• This is based on observations of millions of stars in 

the LMC, looking (during 10 years) at the occurrence 
of alignments between us, a dark compact object in 
the halo of our galaxy and a star in the LMC.

• Thèse 2021: Tristan Blaineau, directeur de thèse: Marc Moniez
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A multi approach to the future of 
experimental particle physics
• The high energy frontier
• Precision low energy experiments: the precision frontier
• Neutrino physics: the neutrino frontier
• Dark matter, gravitational waves, high energy astrophysics: the cosmic 

frontier

• A rich landscape. I very much hope it is affordable.


