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• IceCube
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Standard Model
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WHAT DOES ICE-CUBE REVEAL?

17



WHAT DOES ICE-CUBE REVEAL?

18







21



22



23



24



25



26



27



28



29



30



31



32



33



• KM3NET
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KM3-230213°
The most Energetic neutrino ever detected

The KM3NeT Collaboration. Observation of an 
ultra-high-energy cosmic neutrino with KM3NeT.
Nature 638, 376–382 (2025). 
https://doi.org/10.1038/s41586-024-08543-1

E𝝁 = 𝟏𝟐𝟎 𝑷𝒆𝑽 → 𝑬𝝊 = 220 PeV
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• AUGER
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Pierre Auger Observatory (PAO)

35.2°S latitude
69.5°W longitude
~1400 m a.s.l.
<X> = 880 g/cm2

Area ≃ 3000 km2

• 24 fluorescence telescopes (FD)
• 1600 water Cherenkov stations (SD),
spacing= 1.5 km

• low population density  (< 0.1 / km2)
• special climate 
(dry atmosphere, clear sky, low light pollution)
• flatness of the landscape



Pierre Auger Observatory
the world’s largest cosmic ray observatory in operation since 2004
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• SD: 1600 water Cherenkov det.
regular grid of 1.5 km, 3000 km2

• Infill: 71 water Cherenkov det.
750 m spacing over 30 km2 ;

• AMIGA: extension in progress 
(7 muon counters in place);

• FD: 4 sites (Eyes) with 6 fluor.
telescopes (180°x30°)  f.o.v.;

• HEAT: 3 fluorescence telescop. 
@ Coihueco, 30°-60° in elevation

• AERA: 124 radio sensors in MHz range over 6 km2 ;
• EASIER: 61 radio sensors in GHz range, 100 km2 ;
• AMBER: 1 imaging radio telescope in GHz range, (14°x14°) f.o.v.;
• MIDAS: 1 imaging radio telescope in GHz range, (10°x20°) f.o.v.

R&D



3 PMTs
Photonis 9”

tank 10 m2 x 1.2 m in 
polietilene

Container in 
Tyvek+polietilene

12*103 l of ultra pure 
water

Solar panel and electronic  
box Communications 

antenna 

GPS antenna 

Battery box

The Surface Detector
ü Cerenkov Water Tank

ü Cilindric simmetry

ü Autonomous unit

ü Power 10 W

ü Duty cycle 100% (24 h)

üAcceptance ~1 sr
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Fluorescence Detector
• direction ß timing
• energy ß longitudinal profile

DUTY-CICLE
FD ≈ 13-15%
SD ≈ 100%

The Hybrid technique

Surface Detector
• direction ß timing
• energy ß lateral profile

Xmax

S(1000)



QUESTION:
Are there UHE neutrinos?

ANSWER: no neutrinos! (??)

Or search for the UHE neutrinos and the evaluation
of their flux upper limit

P.Auger Collaboration Advances in HEP, 2013 (2013) 708680
P.Auger Collaboration Astrophysical Journal Lett., 755 (2012) L4
P.Auger Collaboration Phys.Rev.D 84,122005(2011)
P.Auger Collaboration Phys.Rev.D 79,102001(2009)
P.Auger Collaboration Phys.Rev.Lett. 100,211101(2008)

Ø first upper limit (95% C.L.) of the UHE ντ flux
Ø upper limit (90% C.L) of diffuse neutrino flux
Øupper limit on flux of UHE neutrinos from point sources
Ø results constrain astrophysical source models
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Identification of neutrinos

SELECTION CRITERIA:

B) Down-going (DG) low angle: 60°-75°
B), D) 
DG high angle: 75°-90°
C) Earth-skimming (ES): 90°-95°

A)

C)

B)

D)
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Features of UHE ντ-induced showers:
• at source, very few ντ νe:νμ:ντ≃1:2:0;

at Earth expected oscillations with max. mixings νe:νμ:ντ≃1:1:1;
• very inclined (80°< θ<95°) and young showers (in early stage of 

development) close to the detector;
• Signatures:

- slow and broad signal in time producing a (ToT) local trigger
- speed of propagation of signal along the footprint Vij = Dij/ΔT≈ c

μ componentEM component

Δt~100 nsΔt~μs
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CURRENT NEUTRINO SEARCH STATUS IN 
THE UHE REGIME
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AugerPRIME
Extension of operation of the Pierre Auger Observatory. 
(MOUs have been signed in Nov 2015)

Main improvements:
1. A new detector above each of the existing water-Cherenkov detectors (WCD)
2. A new electronics for the SD and the extension of the dynamic range (smallPMT)
3. Extended FD operation
4. Underground Muon Detector  with  AMIGA to have a direct muon measurement
5. Radio antenna on every SD station.

Complementarity of particle response used 
to discriminate electromagnetic and 
muonic components of air showers

100% duty cycle

SSD(3.8m2)

WCD

New Triggers would allow a better efficiency
To neutrino showers.
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The New electronic has improved the resolution (x4)
The sample frequency 40 MHz -> 120 MHz
Better time resolution
FPGA based -> possibility to implement new Triggers



Future
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It’s an exciting period for neutrino Astrophysics



Thanks for the attention!
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• BACKUP SLIDES
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