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The two frontiers

• Need to understand the “infinitely small” to 
understand the “infinitely large”
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What Physics do we do?



Astroparticles at LIP
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Particle Expt.
Discover New Particle 

Physics

Particles as probes in 
Astrophysics or 

Cosmology 

Charged 
cosmic 

rays

Auger 
AMS

Hadronic interactions at 
high energies 

Dark Matter search

Sources of HECR 
Multi-messenger 

Astrophysics  
Anti-matter search 

Solar Physics

Photons SWGO Dark Matter search
Multi-messenger 

Astrophysics

Neutrinos
SNO+ 
DUNE 

Oscillations and mass 
Majorana neutrinos 

CP violation and 
leptogenesis 

Nucleon decay search

Sun, Earth and 
Supernova Physics 

Matter/antimatter in 
early Universe

Thanks to: P. Assis, F. Barão, N. Barros, R. Conceição



Where we do it?



International Space Station

AMS



Pampa Argentina

Auger



Atacama, Chile (?)

SWGO



Underground in  Canada

SNO+



Fermilab to South 
Dakota, passing 

by CERN…

DUNE



Outline
• Introduction 1: Multi-Messenger Astronomy 

• AMS 
• Auger 
• SWGO 

• Introduction 2: Neutrino Physics 
• SNO+ 
• DUNE
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Multi-Messenger 
Astronomy

Photons

Charged  
Cosmic Rays

Neutrinos

Gravitational 
Waves
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“Multi-messenger observation 
of a Binary Neutron Star Merger”

• Joint observation of GW and 
EM signals by many 
collaborations 
• different wavelengths, 

different physics 
• much richer understanding of 

the astrophysical phenomena 

• Birth of a new era!
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AMS







Solar modulation

19





Auger





Hybrid 
detector

Surface detector (SD) 
for charged particles

Fluorescence detector (FD) 
for scintillation light
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Measurement (!) of cross-section

First	measurement	of	p-air	
cross-section	at	1018	eV!!!

Few years ago… before LHC got it

Just now… 

The output of first 
interactions dictate 
the muon 
distribution!

π0 energy spectrum

Measure the muons à Estimate π0 Energy Spectrum 

Particle Physics at the highest energies
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Measuring Muons : MARTA

A dedicated muon detector: 
An array of particle detector 
installed beneath the tanks. 

Cost-effective.

 Water tank 

 Precast structure

RPCs

Led by LIP



SWGO



How to detect VHE gamma rays?





SWGO





SWGO
Southern Wide-field Gamma Observatory

SWGO



SWGO

SWGO



SNO+



Neutrino-less  
double beta decay

• Only happens if 
neutrinos are of 
Majorana type 

• Half-life depends on 
the neutrino mass

Particle Physics term 
Effective Majorana mass 
Depends on masses m1, m2, m3 
also on neutrino mixing parameters 

36

Nuclear Physics  
termsHalf-life



loaded with  
double-beta decay 

isotope (Te130)

SNO+ detector
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shielded by 7 kt 
ultra-pure water

held-down by 
new rope system

780 tons of  
liquid scintillator

contained in an  
acrylic vessel 

(AV) 

12 m diameter

viewed by ~ 9300 PMTs (8’’) 

mounted on 17 m diam. structure

new DAQ and  
readout cardsnew calibration 

systems



• \
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UG @ SNOLAB
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We have data!
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Solar neutrinos

Detector  
calibrations

Neutrons for ν̅e



SNO+
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DUNE



José Maneira | DUNE and LBL Neutrino Program43

+ Neutrinos 
− Antineutrinos

Long-baseline oscillations
Electron neutrino appearance

CP violation
Matter 
Effects



José Maneira | DUNE and LBL Neutrino Program

Deep Underground Neutrino Experiment
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• DUNE in a nutshell
- Fermilab makes intense neutrino and 

antineutrino beams
- Near Detector characterizes beam 

and cross-sections
- Beams reach Sanford lab, 1285 km 

away, 1.5 km underground
- 70 kt Far Detector, divided in 4 

modules

• Physics goals
- Measure νe / ν̅e appearance and                                   
νµ / ν̅µ disappearance

- Measure mass ordering, CP 
violation and neutrino mixing 
parameters in a single experiment

- Large, deep underground 
detector is sensitive to rare and 
low-energy physics (Supernova 
bursts, nucleon decay and more)

NEAR 
DETECTOR



José Maneira | DUNE and LBL Neutrino Program

DUNE Far Detector
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MicroBooNE 
data

• Four detector modules, 17 kt each
• Modules #1, #2, and #3: Liquid             Argon 

Time Projection Chamber
- Precision tracking and calorimetry

• Ongoing R&D for #4 Module of Opportunity



José Maneira | DUNE and LBL Neutrino Program

ProtoDUNE(s) at CERN 
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• Two ~1 kt prototypes 6x6x6 m
- Design validation at (component) full scale

• Single-phase (HD) 2018-20
- Charged particle beam + cosmics
- Event reconstruction, full analysis
- Neutron calibration, Xe doping, HV tests
- Phase-II starting 2022

• Dual-phase 2019-20
- Develop CRP technology, very HV
- Evolved into SP-Vertical Drift

Neutrino Platform at CERN
ProtoDUNE 
Dual-Phase

ProtoDUNE 
Single-Phase

JINST 15 (2020) 12, P12004



José Maneira | DUNE and LBL Neutrino Program

CP violation and Mass Ordering
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• CP violation discovery in wide 
range of δCP over 7-10 yrs

• Definitive determination of mass 
ordering for all parameters

Due to long baseline and wideband beam, CPV and MO degeneracies are broken 
and DUNE can determine both these effects in the same experiment. 

Eur. Phys. J. C (2020) 80:978



José Maneira | DUNE and LBL Neutrino Program

Calibration and Monitoring
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• Use of “natural” sources
- Cosmic ray muons
- Beam-induced muons
- 39Ar radioactivity

• Cryogenic instrumentation
- Array of temperature sensors 

constraining Computational Fluid 
Dynamics simulations

- Purity monitors (i.e., miniature TPCs) 
measure electron lifetime. 

• Dedicated calibration hardware
- Intense laser beams steered into 

active volume. Ionization tracks to 
monitor detector performance

- External neutron source for low 
energy response

- Possibly deployed sources DD neutron generator



Outlook
• Neutrino and astroparticle experiments 

have a very wide range of: 
• Energy ranges and techniques 

• Scintillator/low energy, Liquid Argon 
• Trackers/spectrometers/calorimeters (in space!!) 
• RPC, water Cherenkov tanks 

• Particle Physics discovery potential 
• hadronic interactions, dark matter, leptogenesis 
• neutrino oscillations, mass, Majorana 

• Capabilities for Astrophysics 
• Multi-messenger studies of sources and propagation 
• Sun, Earth, Supernova
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