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What Are the sources of the
Ultrahigh Energy Cosmic Rays (UHECRs)? 

2010s

What are the sources of IceCube neutrinos?

What is the cosmogenic neutrino flux?
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What Are the sources of the
EXTRAGALATIC UHECRs? 

2020s

What are ALL* sources of IceCube neutrinos?

What is the cosmogenic neutrino flux?
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What Are the sources of the
EXTRAGALATIC UHECRs? 

2020s

What are ALL sources of IceCube neutrinos?

What is the cosmogenic neutrino flux?

- Spectrum E>>50 EeV
- Composition E>>50 EeV
- Anisotropies    Pointing
- Multi-Messenger coincidence
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!!

Space Probes of the Highest 
Energy Particles: 

POEMMA & EUSO-SPBOEMMA & E

EUSO-SPB2

EUSO-SPB1

the Earth’s Atmosphere 
as an Extreme Energy 
Particle Observatory



Nadir for UHECR: 
Radius 200-400 km

POEMMA

Limb for Neutrinos: 
Radius 2.6-3.7 103 km
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POEMMA: Probe of 
Extreme Multi-Messenger Astrophysics

Based on OWL 2002 study, JEM-EUSO, EUSO 
balloon & SPB experience, and CHANT proposal 

OWL
2002 
design

JEM-EUSO: 
Extreme 
Universe 

Space 
Observatory

CHANT

Cherenkov from 
Astrophysical 

Neutrinos 
Telescope

EUSO-SPB1
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POEMMA: STUDY COLLABORATION

Scientists from16+ institutions from 
OWL, JEM-EUSO, Auger, TA, Veritas, CTA, Fermi, Theory
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POEMMA INSTRUMENT
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UV Fluorescence 
MAPMTs with BG3 filter: 
JEM-EUSO: 1 usec sampling
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Cherenkov Detection 
with SiPMs: 

20 nsec sampling

30 SiPM focal 
surface units 
Total 15,360 pixels
512 pixels per FSU 
(64x4x2)
Si-Diode for LEO 
radiation 
backgrounds 
rejection

55 Photo Detector Modules (PDMs)= 
126,720 pixels
1 PDM = 36 MAPMTs = 2,304 pixels 
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POEMMA 
MISSION
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Nadir for UHECR: 
Radius 200-400 km

POEMMA

Limb for Neutrinos: 
Radius 2.6-3.7 103 km
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POEMMA: UHECR  and Neutrino Sky Coverage

Calcs & plots by K. Shinozaki 

UHECR Stereo Mode
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Neutrino Mode: SiPM part of focal plane

One orbit

One year with re-orientations

Calcs & plots by C. Guépin & F. Sarazin



POEMMA
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Optical Cherenkov signal from tau neutrinos
PeV ! highest energies

Neutrino Search



arXiv:1710.05839

GW170817 follow up w
ANTARES, ICECUBE, AUGER
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JEM-EUSO
program
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EUSO-Balloon 2014 
Flasher & Laser events
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EUSO-SPB Extreme Universe Space Observatory on a Super Pressure Balloon



EUSO-SPB Extreme Universe Space Observatory on a Super Pressure Balloon
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EUSO-SPB Extreme Universe Space Observatory on a Super Pressure Balloon



EUSO-SPB 
launch, 

April 24, 
2017

23:51 UTC 
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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?

34

~1
00

 km
/h

~ 4 days

https://earth.nullschool.net/


EUSO-SPB2

Cherenkov Emission
from UHECRs
Tau Neutrino 
Background

Fluorescence 
from UHECRS
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UHECRs
UHECRs

Tau Neutrino 

Tau leptonFluorescence

Cherenkov
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https://arxiv.org/abs/1703.04513
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https://arxiv.org/abs/1606.03629
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EUSO-SPB2
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