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WELCOME TO EVERYBODY



Ecole de Physique de Les Houches:

A mythic place, 70 years old, that hosted some among the most renowned physicists of our era:




This School is the first school fully dedicated
to the physics of Feebly Interacting Particles (FIPS)

(also called hidden or dark sector)



This School is the first school fully dedicated
to the physics of Feebly Interacting Particles (FIPs)

(also called hidden or dark sector)
..and gathers together some of the most expert theorists of the field:




What are Feebly-Interacting Particles (FIPs)?

Very roughly:
any NP with (dimensional or dimensionless) effective couplings << 1

[The smallness of the couplings can be generated by an approximate symmetry almost unbroken,
and/or a large mass hierarchy between particles (as data seem to suggest)]

Fully complementary to high-energy searches.
Naturally long-lived.




How feebly coupled ?

» Small couplings are generic if portal interactions are generated radiatively

» Some portal interactions are further suppressed by small Yukawas A’ %
(eg: scalar portal). ‘

» Some portal interactions are suppressed by large value of the
cut off scale (eg: axion portal)

» Small couplings in general can motivate small masses, naturally

(analogous to My o100 Mejectron << Myeax IN Standard Model)

Hence: here focus on particles with masses below EW scale,
with feeble interactions with SM (and therefore naturally long lived).



What FIPs can provide us:

1) Thermal DM candidates that extend the WIMP paradigm in the MeV-GeV range

2) Ultra-light non thermal DM candidates;

3) The simplest theories to explain the origin of CP-symmetry in strong interactions

4) Candidates to explain the origin of neutrino masses and the matter/anti-matter asymmetry in
the Universe;

and:

Candidates to address the electro-weak hierarchy problem, possible answers to the flavor puzzle,
answers to many astrophysical anomalies,.....



The Briefing Book of the European Strategy

arXiv:1910.11775, BSM Chapter, p.141

“The absence, so far, of unambiguous signals of new physics from direct searches at the LHC,
Indirect searches in flavour physics and direct DM detection experiments
Invigorates the need for broadening the experimental effort in the quest for new physics
and in exploring ranges of interaction strengths and masses different from those
already covered by existing or planned projects.

While exploration of the high-mass frontier remains an essential target, other research
directions have valid theoretical motivations and deserve equal attention.

Feebly-interacting particles (FIPs) represent an alternative paradigm with respect to the
traditional BSM physics explored at the LHC. The full investigation of this paradigm
over a large range of couplings and masses requires a great variety of experimental facilities.”




European Strategy for Particle
Physics recommendations

"*4. Other essential scientific activities for particle physics:

 a) The quest for dark matter and the exploration of flavour and
fundamental symmetries are crucial components of the search

g N for new physics.

-&,_;, ISR  This search can be done in many ways, for example through
e precision measurements of flavour physics and electric or
|- magnetic dipole moments, and searches for axions, dark sector

candidates and feebly interacting particles.

P e el * There are many options to address such physics topics including
B i energy-frontier colliders, accelerator and non-accelerator
by the European Strategy Group z . -
experiments. A diverse programme that is complementary to the
enerqy frontier is an essential part of the European particle
Europgér} S}rategy’

physics Strategy.
https://cds.cern.ch/record/2721370/files/CERN-ESU-015 2020%20Update%20European%20Strategy.pdf



https://cds.cern.ch/record/2721370/files/CERN-ESU-015
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Experiments/proposals related to FIPs in PBC
SPS

Axions/Dark Photons
(< meV)

| Gravitational Waves
(FIPs @ ATLA ' terferometer \/12 atom interferometry

LHC (1020 gV)

(few GeV — TeV)

tra-light
( atomic clocks, quantum sensors and the likes)
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The Search for Feebly-Interacting Particles: A multi-community effort
CERN DESY

dark sector with proton axions/ALPs
muon, electron beamis

SNOLAB

FNAL light DM direct

Dark sector
with proton/muon bea

SLAC

light DM

Gran Sass / with electron beams
light DM direct detecti /
/
Mainz

JLAB

. dark photon And: MODANE, CANFRANC, ce
dark photon, light DM

And: many Universities in Europe

PSI LNE US, and beyond...
dark sector with J-PARC dark photon, .
muon beams dark sector with kaon axions + AStropartICIe, Cosmology

and neutrino beams
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Workshop on
Feebly

A multi-disciplinary community

60 plenary talks, 320 participants from all over the world
Representatives of all the main labs in the world
Worldwide renowned experts from colliders, fixed target,
axion community, AMO, GW, astroparticle, cosmology, neutrino,
direct and indirect DM detection, theory..

Proceedings of the 2022 edition (FIPs 2020) :
submitted 2 weeks ago: arXiv:2305.01715, submitted to EPJC

This physics is in full expansion
and represents a complementary
paradigm with respect
to the main stream

(at CERN and elsewhere) 10




CERN-TH- "0’1 061

FERMILAB-PUB-2 1-1-9 PPD
INFN-23-14-LNF
JLAB-PHY-23-3789

This Report contains the « state-of-the-art »
Feebly-Interacting Particles: Of Our field
FIPs 2022 Workshop Report
s e o et We hope you will be among the authors
' of the next Edition....
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Abstract

Abstract: Particle phy: today faces the enge of e\pl.unmg the m
origin of matter over ant
fine-tuning of the electro-weak sca d y othe p&:t.ls of fundamen lph
0 rch for answers involves new physics at mass scales
2 below, down to sub S

s, and indeed,
v ram to discover
such ph\. ics is under , guided b
underlying principles of the Standard 1. This document represents the report of the FIPs 2022
workshop, held at C between the 17 and 21 October 2022 and aims to give an overview of these
efforts, their moti ns, and the decadal goals that animate the communit,
for FIPs.

" Corresponding authors: Maurizio Giannotti (MGiannotti @ barry.edu), Gaia Lanfranchi (Gaia.Lanfranchi@Inf.infn.it), Yevgeny

gmail.com)




....Enjoy the lectures and the stay....



