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«Measure what can be measured, and make measurable what cannot be»
(Galileo Galilei)



What is dark matter? 

What dynamics is responsible for neutrino masses? 

How is the matter-antimatter asymmetry generated? 

What physics underlies the Higgs sector and sets the weak scale? 

Why is CP conserved by the strong interactions? 

These and other questions strongly motivate explorations of physics beyond the SM. 

OPEN QUESTIONS
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PREAMBLE
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HOW TO GET FIPs?

There may be a dark sector (or hidden sector, etc.) containing new SM gauge singlet states. The dark 
sector states may have masses well below the weak scale and communicate weakly with the visible sector 
through a portal interaction linking gauge invariant SM operators to a mediator. 

THE PORTAL TO DARK SECTOR



The full set of allowed 

renormalizable interactions

for dark sector with SM, consistent 

with SM Gauge invariance 

(plus one notable generalization) 

Expand the SM with the minimal set of operators of lowest dimension gauge-invariant and 
renormalizable. This guarantees that the theoretical structure of the SM is preserved and any NP is 
just a simple (natural?) extension of what we already know. 

HOW TO GET FIPs IN THE PORTAL APPROACH?
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A PHYSICS CASE: AXIONS AND AXION-LIKE-PARTICLES (ALPs)



Sub-eV axions accessible at helioscopes 
(Sun) and haloscopes (DM)

Here axions can be DM

CAST

ADMX

Ultra-light axions from 
cosmic sources searched with 
X and gamma-ray telescopes



Astroparticle realm: BBN, CMB, X-rays, 
SN 1987A, Globular clusters, 
Solar lifetime, etc 

https://arxiv.org/pdf/2004.08399
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P. Carenza, M. Giannotti, J. Isern, A.Mirizzi and O. Straniero, «Axion 
Astrophysics,» [arXiv:2411.02492 [hep-ph]]. Prepated for Physics 
Report



MeV-10 GeV range accessible at accelerator based 
experiments 

https://arxiv.org/pdf/2310.17726 



MADMAX
IAXO
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cosmicwispers.eu



WISPs

WISPs are very Weakly Interacting Slim (m<GeV) Particles
which emerge in several extensions of the Standard Model of
Particle Physics.

CHALLENGE

The aim of this Action is an exhaustive study of these WISPs,
notably axions, axion-like particles (ALPs) and dark photons,
ranging from their theoretical underpinning, over their indirect
observational consequences in astrophysics, to their search
at colliders and beam-dump and their direct detection in
laboratory experiments.
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~ 400 participants from all over the world
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THE NEXT NEW BIG DISCOVERY COULD COME FROM HERE!

CONCLUSIONS

Planned experiments will allow to explore a significant part of parameter space in 10-20 
years

The international community needs support by integrating FIP searches in the future 
European strategy on particle physics 

FIP physics is a field in full expansion, which has developed from a niche activity to a world-wide 
effort with significant competition. 
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