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Masatoshi Koshiba

Homestake Experiment

Raymond Davis Jr.
KamiokaNDE 
Kamioka Nucleon Decay Experiment

SN 1987A
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The Sun in neutrinos

Art McDonald
SNO  

Takaaki Kajita
Super K  

Neutrino Oscillations
2015 Nobel Prize in Physics

Cosmic Neutrino Spectra
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SNO
 Sudbury Neutrino Observatory

Super-Kamiokande



Astrophysicall

Cosmic Neutrino Spectra



Greisen-Zatsepin-Kuzmin Effect 
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p + gcmb® D+ ® p + p0

         ® n + p +

Kotera & AVO arXiv:1101.4256
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Greisen, 
Zatsepin, Kuzmin 
1966



Greisen-Zatsepin-Kuzmin Effect 
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p + gcmb® D+ ® p + p0

         ® n + p +

Kotera & AVO arXiv:1101.4256

GZK Cutoff
Greisen, 
Zatsepin, Kuzmin 
1966

Allard, Busca, Deceprit, AVO, Parizot arXiv:0805.4779
GDR: Giant Dipole Resonance
BR: Baryonic Resonances

Nuclear Photodissociation



Cosmogenic (GZK, BZ*) 
Neutrinos & Photons

p+gcmb® D+ ® p + p0 ® γγ
             ® n + p + 

n ®  p + e- + ne 
    p+ ®  µ+  + nµ
       µ + ® e+ + ne +nµ

*Berezinsky & Zatsepin ‘69
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Limits on Neutrino and Gamma-Rays at UHE

Coleman et al, 2022 arXiv:2205.05845
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Auger UHE Photon limits ICRC 2023
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Auger Neutrino limits ICRC 2023



Astrophysicall

Cosmic Neutrino Spectra

IceCube



17Batista et al, arXiv:1903.06714.pdf

Cosmogenic Messengers
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What are the sources of Astrophysical Neutrinos?



Extragalactic Neutrino Astronomy begins: IceCube

Ernie 1.15 PeV

MARACANÃ
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Astrophysical 
Neutrinos

IceCube-170922A



23Batista et al, arXiv:1903.06714.pdf

Cosmogenic Messengers
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NS-NS merger Animation 
Credit: NASA/ GSFC/Berry & Drezek

Artist's rep BH-BH merger. 
Credit: NASA / JPL/

Swinburne Astron.Prods

Binary Neutron Star Mergers
Binary Black Hole Mergers
Neutron Star –Black Hole Mergers

Gamma Ray Bursts

Artist's rep TDE (star torn BH). 
Credit: NASA / CXC / M. Weiss

M87

Tidal Disruption Events

EVENT HORIZON TELESCOPE 
COLLABORATION/MAUNAKEA 

OBSERVATORIES/ASSOCIATED PRESS

Credits: X-ray: NASA/CXC/ASU/J.Hester et al.; 
Optical: NASA/HST/ASU/J.Hester et al.

Crab 965 years ago!

Newborn Pulsars
Blazar Flares

Transient Energetic Cosmic Events

Artist's rep NS-NS merger. 
Credit: NSF/LIGO/SSU/A. Simonnet.

Artist's rep WD-WD merger
Credit: Ars Technica 
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Future Outlook



Future Outlook UHECRs

Coleman et al, Snowmass, arXiv:2205.05845



Future Outlook Neutrinos

Ackermann et al, Snowmass, arXiv:2203.08096
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AugerPrime TAx4
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IceCube-Gen2



Probe Of Extreme Multi-Messenger Astrophysics



EUSO-SPB1 (2017)

EUSO-SPB2 
(2023)

POEMMA Roadmap Update
Probe Of Extreme Multi-Messenger Astrophysics

Mini-EUSO (2019)

POEMMA-
Balloon + Radio 

(PBR) (2026)

Terzina
(2026)

POEMMA and JEM-EUSO Collabs
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Limb for Neutrinos UHECR: 2-4 103 km

Observing Modes

Nadir for UHECR: Radius 200-400 km
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EUSO-TA (2013- )

EUSO-Balloon (2014)

EUSO-SPB1 (2017)

Mini-EUSO (2019)

EUSO-SPB2 (2023)

K-EUSO (2025+)

POEMMA (2030+)

EUSO-SPB

Joint Experiment Missions
Extreme Universe Space Observatory

JEM-EUSO program

300 researchers from 16 countries



EUSO-SPB 1 
launch, April 24, 2017

23:51 UTC 



Mini-EUSO
International Space Station

ISS

Launch August 22, 2019
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CHANTJEM-EUSO

EUSO-SPB2 
FT: 

Fluorescence 
Telescope

EUSO-SPB2 
CT:

Cherekov
Telescope

UV  
1µsec

126,720 pixels

Optical 
20 nsec

15,360 pixels

SiPMs
Optical 
10 nsec

512 pixels

UV  
1µsec

6,912 pixels

POEMMA ROADMAP

EUSO-SPB2 (2023)



air flow at ~30 km  June 9th  2017Wanaka 
South Island
New Zealand

https://earth.nullschool.net/#current/wind/isobaric/1
0hPa/orthographic=180,-90,300

Cameron Beccario 

Why New Zealand?
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~1
00

 km
/h

~ 4 days

https://earth.nullschool.net/
https://earth.nullschool.net/


Fluorescence from UHECRS

CRs E > PeV

UHECRs

Tau Neutrino 

Tau lepton
Fluorescence

Cherenkov

EUSO-SPB2
2023 flight

Cherenkov Emission from UHECRs
Tau Neutrino Events
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EUSO-SPB2
May 13 flight
2 nights 
commissioning 
+ data



12 d 4 h

2023
EUSO-SPB2

1.5 d (37hrs)!!!

NASA WANAKA Campaigns
Super Pressure Balloon (SPB) 

EUSO mission 2017 & 2023
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POEMMA ROADMAP

EUSO-SPB2 (2023)
Terzina (2026)

CRI11-01 
Sat July 29th, 10:15 AM
Roberto Aloisio
The Terzina instrument 
on board the NUSES 
space mission



POEMMA ROADMAP

EUSO-SPB2 (2023)
Terzina (2026)

PBR (2026)
(POEMMA-Balloon-Radio)

POEMMA-Balloon + Radio 
PBR (2026)

PBR :
Larger Telescope than EUSO-SPB2
Hybrid Focal Surface  = POEMMA
All space qualified components

Fluorescence
- UHECRs from zenith to High Altitude EASs

Cherenkov 
- Below the limb for Targets of 
Opportunity Neutrino sources
- Above the Limb CRs

Radio
- Low Freq for coincidence with Cherenkov

 Infrared camera; LEDs, auxiliary devices



GCRO

IceCube-Gen2 

BEACON, Trinity, 
AshraNTA, TAROGE

RNO-G

ARIANNA

Future detectors of UHE CRs and Neutrinos
Future Looks Bright!
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Giant Radio Array for Neutrino Detection (GRAND)
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