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Cuando tenìamos las respuestas, 
nos cambiaron las preguntas



Victims of too much success



The time of Glory



The Standard Models

This extraordinary rosy picture that somebody would quote 
as ‘the end of the physics’ presents in reality quite a few  
problems. On both sides. 
The G-W_S model does not account properly for neutrinos  
and cannot give reason for the Higgs mass. 
The ΛCDM model has yet to incorporate inflation, find what 
DM is, give a reason for accelerated expansion and reconcile 
the different values of H0 



Time of Questions



Micro and Macro  
share common technology  

and  
common themes of research 

• Most of the technology in Cosmic Rays (Space, Earth, 
Underwater) is of HEP origin 

• Neutrinos, Dark Matter are of common interest 

• Gravitational Waves is something different (although…)



Interlaced and Globalized



The ghost appearing every night 
to any sensible theoretician

New Physics 
or 

Beyond Standard Model



The two main arguments

• Neutrino mass does not fit in the simplicity of GWS SM 

• Dark Matter is not made by quarks and leptons

and two mysteries 

• Antimatter, how did you disappear ? 

• Dark Energy, are you real ?



• GWS SM made them massless (why so ? L conservation, a symmetry that looks 
accidental rather than fundamental) 

• Neutrinos are massive 

• A Dirac term can give a mass to neutrinos, like the other leptons, but now you 
say that L is conserved (and why so ?) 

• Majorana term is however allowed and nobody knows why should not exist 

• The hybrid Dirac-Majorana term is what opens the door of See-Saw mechanism 

• Neutrinoless double beta decay is the only realistic option to test the 
hypothesis

talking of neutrinos



Beware

“you may use any degrees of freedom you like to describe a 
physical system, but if you use the wrong ones, you will be sorry."

Weinberg’s Laws of Progress in Theoretical Physics
From: “Asymptotic Realms of Physics” (ed. by Guth, Huang, Jaffe, MIT Press, 1983) 

First Law: 

“The conservation of Information” ( You will get nowhere  by churning equations)   
... garbage in, garbage out... 

Second Law: 
“Do not trust arguments based on the lowest order of  perturbation theory” 

Third Law:

 “You may use any degrees of freedom you like to describe 
a physical system, but if you use the wrong ones, you’ll be sorry!” 



Rotation of galaxies, 
Einstein’s ring and more….

Dark Matter is likely there !



but its nature is object of wild speculations 



Rise and (possible) 
fall of a dream 

The WIMP miracle 

‘Therefore, if the scales of masses and couplings of WIMPs are close 
to the SM ones, the right amount of dark matter relic density is easily 
achieved. Moreover, WIMP candidates are a common byproduct of 
models in which new physics at weak scales solves problems of the 
SM. This coincidence is the so-called "WIMP miracle". The possibility 
of probing this scenario at colliders, underground detectors, 
telescopes and satellites had driven the efforts in the search for dark 
matter particles in the last decades.’



Point of views

You could say that you are close to moment of truth



if you look with an other eye

There is space  
for many



APPEC  
Roadmap



so what should we do 
(You dear promising young researchers !)

 In 2001, European scientific agencies 
founded APPEC (the Astroparticle 
Physics European Consortium). 
S i n c e 2 0 1 2 , A P P E C b e c a m e a 
consortium operated on the basis of a 
Memorandum of Understanding with 
the overarching aim of strengthening   
European astroparticle physics and 
the community engaged in this field.



The wide field of investigation
• High Energy Gamma Rays 

• High Energy Neutrinos 

• High Energy Cosmic Rays 

• Gravitational Waves 

• Dark Matter 

• Neutrino Mass and Nature 

• Neutrino Mixing and Mass Hierarchy  

• Cosmic Microwave Background 

• Dark Energy





Crucial ingredients



Getting Europe together



The wonderful world 
of Particles falling from 

the Sky

where the glory is in finding the sources 



Charged Cosmic Rays

AUGER to AUGER Prime



Pierre Auger results



Auger Prime

• Chemical composition 

• Nearby sources 

• Neutrino showers 

• Another piece of multi messenger astronomy



H. E. Gamma Rays 
from MAGIC & 

HESS

to CTA



Projection of performances

CTA N&S

LHASSO 
in Sichuan



CR in space

Antimatter & Dark Matter
Gamma Ray bursts

Particle spectra

DAMPE



The AMS puzzle

Dark Matter or Astrophysical sources ?



Future is HERD

Understand the H.E. emission from nearby sources



IceCube



H.E. Neutrinos



an alternative: KM3Net



The mysterious  world 
of Neutrinos



The mysterious neutrino
• Neutrinos might hold the key to both the mystery of 

the antimatter disappearance and the New Physics

Leptogenesis Majorana mass



Borexino@LNGS



Quest for Majorana particles



The process



Sensitivity

mᵦᵦ ∝  √ (1/τ)
EB
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mᵦᵦ ∝  √ (1/τ)

• amount of Mass of the right isotopic composition 

• Background Index (counts per unit of energy per unit time) 

• the best Energy Resolution achievable 

• a very good Efficiency

What really counts



GERDA@LNGS

So, for the given FWHM and the background index 
you expect to be able to run 2 years ‘square root free’



turning to LEGEND@LNGS

based on BI~6x10-4 
and FWHM~ 3keV

BI x FWHM/ε

The reach can be  
1027 but

heavy price to pay to phase space



The principles of the 
alternative 

130Te 76Ge 100Mo 116Cd 

Background � 
ambientale 

82Se 



The application: CUPID-0 
(former LUCIFER)

Th cal



the reason for this choice
• Mo based crystals much easier to produce 

• Energy resolution 3-4 times better

MC simulation from 
CUPID (Se) analysis



However

• 1026 years reached (Gerda, Kamland-ZEN) 

• 1027 reachable (LEGEND, CUPID, nEXO) 

• 1028  ?  (background shall be really 10-5 or better for a 
huge mass of isotope)  

• 1029  direct hierarchy ….here the problem is the 
detector mass (!!!) 



look carefully please 



looking for a far future



How obscure is  
Dark Matter



Dark Matter as a substantial 
slice of the Universe pie

• A duty of bringing the existing lines of research at 
LNGS to their limit (get to the neutrino floor) 

• Xenon nT  

• Dark Side 20k  (moving eventually to ARGO 300k) 



The most intriguing result



DAMA/LIBRA



changing the temperature 
COSINUS



Xenon1(n)Ton





Dark Side 50: low mass DM

concept for a 0 background 20 ton 
Dark Side experiment



Dark Side 20k @LNGS



main steps forward



great results and perspectives 
however……..



after you hit the neutrino floor



Long and  
winding road



Gravitational Waves 
a magic window on 

Gravity, Astronomy, Cosmology and 
Nuclear Physics



1.3 billion year ago 
in a far away galaxy



inspiriling fusion ringing



much closer but even more 
important



A revolution !



and now ET



what an improvement !



a brutal way of seeing things
Astronomy Nuclear Physics

Cosmology



sorry, not for me !





Multi messenger is finally born

Binary Neutron Star Merger



Astroparticle everywhere !

LNGS

Capo Passero
Canarie

Patagonia



is money in issue ?

It is a matter of  reflection.  
100 MEuro/year from Europe for such a wide field  

is little money.



Conclusions

• AstroParticle Physics is a booming field 

• Looking to unravel the wonderfulness of cosmo 

• Going to understand the fundamental law of Nature 

• Plenty of opportunity for young scientists


