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The Earth Atmosphere as a 
Sub-Atomic Particle Detector



What Are the sources of the extragalactic 
UltraHigh Energy Cosmic Rays? 

What are sources of cosmic neutrinos?

*In addition to blazar TXS 0506+056
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UHECR Challenge

EXTRAGALACTIC

Source Hotspots

Statistically 
Limited
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50 EeV



What Are the sources of the extragalactic 
UltraHigh Energy Cosmic Rays? 

What are the sources of cosmic neutrinos?
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POEMMA:
- UHECR Spectrum E > 50 EeV
- UHEC Composition E > 50 EeV
- UHEC Anisotropies Pointing
- Neutrino Multi-Messenger coincidence 
E>20PeV over full sky
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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

EUSO-Balloon
EUSO@TA
Mini-EUSO

EUSO-SPB2

TUS, KLYPVE-EUSO



POEMMA IDL MDL at GSFC IDC 
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IDL Jul 31-aug 4, 2017
MDL Oct 30-Nov 3, 2017
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POEMMA: Hybrid Focal Plane

UV Fluorescence 
MAPMTs with BG3 filter: 
JEM-EUSO: 1 usec sampling

1.6 m
Elementary	Cell	 (EC)

SiPM (8x8)

PCB1
Si-Diode

PCB2
Interconnector

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)= 
TOTAL 126,720 pixels
(1 PDM = 36 MAPMTs = 2,304 pixels) 

9∘

POEMMA
Hybrid MM Focal Surface
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POEMMA 
MISSION
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Mission Lifetime: 3 years (5 year goal)
Orbits: 525 km, 28.5∘ Inc
Orbit Period: 95 min
Satellite Separation: ~25 km – 1000+ km
Satellite Position: 1 m (knowledge)
Pointing Resolution: 0.1∘

Pointing Knowledge: 0.01∘

Slew Rate: 8 min for 90 ∘

Satellite Wet Mass: 3860 kg
Power: 2030 W
Data: 1 GB/day
Data Storage: 7 days
Communication: S-band (X-band if needed)
Clock synch (timing): 10 nsec

Operations:
- Each satellite collects data autonomously 
- Coincidences analyzed on the ground
- View the Earth at near-moonless nights, 

charge in day and telemeter data to ground
- ToO Mode: dedicated com uplink to re-

orient satellites if desired

Dual Manifest
ATLAS V LPF

12
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Limb for Neutrinos & 
UHECRs 

Radius 2.6-3.7 103 km

Observing Modes

Nadir for UHECR: 
Radius 200-400 km
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POEMMA: Exposure History



POEMMA UHECRs
Performance

significant increase in exposure
good energy, angular, and shower maximum resolutions,
accurately measure Composition 

Xmax Resolution ~ 30 g/cm2
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POEMMA UHECRs
Performance

significant increase in exposure
good energy, angular, and shower maximum resolutions, 
accurately measure Composition, Spectrum
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POEMMA UHECRs
Performance

significant increase in exposure E >50 EeV
good energy, angular, and shower maximum resolutions, 
accurately measure Composition, Spectrum, Anisotropies
Uniform sky coverage
to guarantee the discovery of UHECR sources
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POEMMA Neutrinos
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ntau

POEMMA designed to observe neutrinos with E > 20 PeV
through Cherenkov signal of tau decays.

tau



POEMMA Neutrinos
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ntau

POEMMA designed to observe neutrinos with E > 20 PeV
through Cherenkov signal of tau decays.

High-Energy Astrophysical Events generates neutrinos 
(ne,nµ) and 3 neutrino flavors reach Earth (Oscillations). 
Tau neutrinos generate tau leptons on their way out of 
the Earth’s surface which decay producing up-going 
showers, detected by POEMMA

tau



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

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

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

SSU/A. Simonnet.

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

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

Swinburne Astron.Prods

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

POEMMA
Neutrino TOO

(Targets of Opportunity)
Venters et al 2019

Transient Events
few to 100 Million neutrinos/event

10 neutrinos up to 120 Mpc!

Crab 965 years ago!

Tidal Disruption Events

Newborn Pulsars

Binary 
Coalescence

Blazar Flares
Gamma Ray Bursts

arXiv:1906.07209



arXiv:1710.05839

GW170817 follow up w
ANTARES, ICECUBE, AUGER
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Artist's rep WD-WD merger
Credit: Ars Technica

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

SSU/A. Simonnet.

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

Swinburne Astron.Prods
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Galactic
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Arrival directions of most energetic neutrino events

North

Galactic Plane
180o

-90o

-180o

Earth
absorption

South

TXS 0506+056
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POEMMA

Observe 
beyong 20 PeV
Full Sky Coverage

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

POEMMA
Neutrino TOO

(Targets of Opportunity)
Venters et al 2019
Transient Events

few to 100 Million neutrinos/event

EVENT HORIZON TELESCOPE COLLABORATION/MAUNAKEA 
OBSERVATORIES/ASSOCIATED PRESS

M87
arXiv:1906.07209
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Fundamental Physics with High-Energy Cosmic Neutrinos



EUSO-TA (2013- )

EUSO-Balloon (2014)

EUSO-SPB1 (2017)

Mini-EUSO (20119)

EUSO-SPB2 (2021-22)

K-EUSO (2023+)

POEMMA (2028+)

EUSO-SPB

Joint Experiment Missions
Extreme Universe Space 

Observatory

JEM-EUSO program
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EUSO Balloon: 
1st flight and first light on 24-25.8.2014



355nm Laser:  
~1020 eV equivalent brightness

SciAm Oct 14,14

EUSO-Balloon 2014 
Flasher & Laser events



EUSO-SPB 
Extreme Universe Space Observatory on a 

Super Pressure Balloon

Ultrafast Camera:  
Photo-Detector Module 
(PDM)
(3x3 ECs = 36 MAPMTS ; 
2,304 pixels)



EUSO-SPB 
launch, 

April 24, 
2017

23:51 UTC 
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WANAKA 2017 Campaign
Super Pressure Balloon (SPB) EUSO mission

12 d 4 h



EUSO-SPB2
Cherenkov Emission

from UHECRs
Tau Neutrino 
Background

Fluorescence 
from UHECRS

arXiv:1703.04513

UHECRs
UHECRs

Tau Neutrino 

Tau leptonFluorescence

Cherenkov

https://arxiv.org/abs/1703.04513


Dec 2018 35

EUSO-SPB2

Telescope

Fluorescence Camera
MAPMTs

3 x EUSO-SPB1
Cherenkov camera

SiPMs



POEMMA will open two new Cosmic Windows:
neutrinos from astrophysical Transients (> 20 PeV), and 
extreme energy cosmic ray (> 30 EeV)

Space provides order of magnitudes improved sensitivity 
over a wide range of energies. 

POEMMA can rewrite the textbook on the most extreme 
astrophysical accelerators and fundamental physics 
interactions well above terrestrial accelerator 
energies. 

POEMMA
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EUSO-SPB2

the Earth’s Atmosphere 
as an Extreme Energy 
Particle Observatory

Space Probes of the Highest 
Energy Particles: 




