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POEMMA & EUSO APS Talks

Saturday, April 9, 2022
E15.00006 : nuSpaceSim, John F Krizmanic, et al

Monday, April 11, 2022
W03.00001: EUSO-SPB2 Status and Science, Angela V. Olinto, et al.
W03.00002: Development of the Cherenkov Telescope for EUSO-SPB2, Eliza Gazda et al.
W03.00003: EUSO-SPB2 Telescope OpPcs and TesPng, Viktoria Kungel et al.

Tuesday, April 12, 2022
Z03.00004 Observing UHECRs and cosmic neutrinos with POEMMA, Claire Guepin et al, 



What are the sources of the Ultra-High Energy Cosmic Rays (UHECRs)? 

What are the sources of Astrophysical Neutrinos?

Astroparticle Physics Questions:

What is the physics and astrophysics at energies >> “ground-based” accelerators? 

Measure Spectrum, Composition, Anisotropies E>1019 eV = 10 EeV

Multi-Messenger coincidence gamma-ray, gravitational waves, and neutrinos 
with E>1016 eV = 10 PeV
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Extensive Air Showers
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Auger Spectrum ICRC 2019

Sta$s$cally 
Limited

EXTRAGALACTIC

Sources? 
Hotspots



Auger (and TA) Anisotropy Hints > 40 EeV
Starbursts Galaxies (SBGs) or Active Galactic Nuclei (AGN)?

M87- AGNM82 – SBG Centaurus A –AGNNGC 253 – SBG

Auger 14.5 yr data ; from Jan 2004 to Aug 2018; arXiv:1801.06160 and ICRC 2019

M87

Cen AM82
M83

NGC 253

NGC 4945

M83 – SBG
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BaPsta et al, arXiv:1903.06714.pdf

Cosmogenic & Astrophysical  Messengers
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Astrophysical 
Neutrinos

IceCube-170922A



Probe Of Extreme Multi-Messenger Astrophysics



Dec 2018 13

Dual Manifest
ATLAS V LPF



POEMMA: Hybrid Focal Plane

UV Fluorescence 
MAPMTs with BG3 filter: 
1 usec sampling

1.6 m

Elementary	Cell	 (EC)
SiPM (8x8)

PCB1
Si-Diode

PCB2
Interconnector

Cherenkov DetecJon 
SiPMs: 
20 nsec sampling

30 SiPM focal surface units 
Total 15,360 pixels
512 pixels per FSU (64x4x2)

55 Photo Detector Modules (PDMs)
TOTAL 126,720 pixels

(1 PDM = 36 MAPMTs = 2,304 pixels) 

9∘

POEMMA 
Hybrid Focal Surface

EUSO-SPB2
3 PDMs

EUSO-SPB2
Cherenkov
Camera
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Mission LifeFme: 3 years (5 year goal)
Orbits: 525 km, 28.5∘ Inc
Orbit Period: 95 min
Satellite SeparaFon: ~25 km – 1000+ km
Satellite PosiFon: 1 m (knowledge)
PoinFng ResoluFon: 0.1∘
PoinFng 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
CommunicaFon: S-band (X-band if needed)
Clock synch (Fming): 10 nsec

OperaJons:
- 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

Dual Manifest
ATLAS V LPF

15

POEMMA Mission 
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Limb for Neutrinos & UHECRs: Radius 3 103 km

Observing Modes

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

nearby Starburst Galaxies  Fermi-LAT



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 (OscillaHons). 
Tau neutrinos generate tau leptons on their way out of the Earth’s surface which decay producing up-going 
showers, detected by POEMMA

tau

POEMMA: Neutrinos 

Monday, April 19, 2021
S10.00007 : Targets of Opportunity with POEMMA, Tonia Venters, et al.



Ar#st's rep WD-WD merger
Credit: Ars Technica

Ar#st's rep NS-NS merger. 
Credit: NSF/LIGO/SSU/A. Simonnet.

NS-NS merger Anima#on 
Credit: NASA/ GSFC/Berry & Drezek

Ar#st's rep BH-BH merger. 
Credit: NASA / JPL/

Swinburne Astron.Prods

Binary 
Coalescence

Gamma Ray Bursts

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

M87

Tidal DisrupPon Events

EVENT HORIZON TELESCOPE 
COLLABORATION/MAUNAKEA 

OBSERVATORIES/ASSOCIATED PRESS

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

Crab 965 years ago!

Newborn Pulsars
Blazar Flares

POEMMA: Neutrino Target of 
Opportunity

arXiv:1906.07209
Venters et al 2019 Transient Events - 10s neutrinos/event from 10s of Mpc
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Transient Neutrino Point Source Sensitivity

Venters et al. arXiv:1906.07209 and AVO et al. arXiv:2012.0794

Fang & Metzger, arXiv:1707.04263

Long Bursts

Full Sky Coverage
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POEMMA Predecessors
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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

21
EUSO-Balloon
EUSO@TA
Mini-EUSO

EUSO-SPB2

TUS, KLYPVE-EUSO



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



EUSO-SPB 
launch, 
April 24, 

2017
23:51 UTC 
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Cherenkov Emission
from CRs > PeV

Tau Neutrino Targets of 
Opportunity and 

Background
Fluorescence 

from UHECRS > EeV

HECRs

UHECRs

Tau Neutrino 

Tau lepton

Fluorescence

Cherenkov

EUSO-SPB2

Cherenkov



EUSO-SPB2
Extreme Universe Space Observatory 

on NASA Super Pressure Balloon

AlPtude of ~ 33km, from Wanaka, NZ
around the Southern Ocean

EUSO-SPB2 objecGves:

1. observe 1st extensive air showers with fluorescence from suborbital space;

2. observe Cherenkov light from extensive air showers iniGated by cosmic rays; 

3. measure the background for the detecJon of neutrino induced upward going air showers; 

4. search for neutrinos from astrophysical transient events (e.g., binary neutron star mergers).



Cherenkov 
Telescope

Fluorescence
Telescope
points down
Schmidt OpPcs, 
37.4o x 11.4o FoV
MAPMT camera, 
6,912 pixels 
1 𝜇s  integraPon rate

points +- 5 deg below/above 
limb of the Earth
Schmidt OpPcs, FoV:
6.4◦ zenith 12.8 ◦ azimuth
SiPM camera, 512 pixels
10ns picture rate

Geant4 of OpPcs



EUSO-SPB2

Infrared Camera
Observes cloud coverage
70° x 53° FOV, 640 x 480 pixels
9.7-11.3μm and 11.6-12.7μm
1 image every 2 mins

Fluorescence
Telescope
points down
Schmidt OpPcs, 
37.4o x 11.4o FoV
MAPMT camera, 
6,912 pixels 
1 𝜇s  integraPon rate

Cherenkov 
Telescope

points +- 5 deg below/above 
limb of the Earth
Schmidt OpPcs, FoV:
6.4◦ zenith 12.8 ◦ azimuth
SiPM camera, 512 pixels
10ns picture rate



UHECRs

Fluorescence

Fluorescence 
from UHECRS

EUSO-SPB2

several UHECR showers 
per night E~ few EeV



Cherenkov Emission 
from CRs

CRs E > PeV

Cherenkov

EUSO-SPB2

Cummings et al. arXiv:2105.03255 

300 events/day on average 
above PeV



Cherenkov Emission 
from CRs

and Neutrinos

Tau Neutrino 

Tau lepton

Cherenkov

EUSO-SPB2

CRs E > PeV
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Target of Opportunity Neutrino Searches

Sky Map of acceptance to tau-neutrino 
30-day (leP) and 100-day (right) flights

Sensitivity to ToO neutrino flux per 
decade in energy, for long and a 
short emitters (all-flavor )

Venters, et al, 
PoS(ICRC2021), 977 (2021).



Tobias
Viktoria

Eliza

Mahdi

George

Oscar

Jim K

Nepomuk
Lawrence

Field Test of the Cherenkov Telescope 
Telescope Array site in Utah

March 2022
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ThermoVac Test of 
Fluorescence Camera

ThermoVac Test of 
Infrared Camera



Fluorescence from UHECRS
Cherenkov Emission from UHECRs

Tau Neutrino Events
(ANITONS?!)

CRs E > PeV

UHECRs

Tau Neutrino 

Tau lepton
Fluorescence

Cherenkov

EUSO-SPB2
2023 flight

Science Results:

- Fluorescence from ~30 UHECRS
- CR spectrum from 1015 eV to 1017eV
- 2 Tau Neutrino candidates from 
GW230423
- Constraints on sANITONs



What are the sources of the Ultra-High Energy Cosmic Rays (UHECRs)? 

What are the sources of Astrophysical Neutrinos?

Astroparticle Physics Questions:

What is the physics and astrophysics at energies >> “ground-based” accelerators? 

Measure Spectrum, Composition, Anisotropies E>1019 eV = 10 EeV

Multi-Messenger coincidence gamma-ray, gravitational waves, and neutrinos 
with 
E>1016 eV = 10 PeV
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Earth’s Atmosphere = ParHcle Observatory  to discover the Origin of the Highest Energy Cosmic Rays (E>1019

eV) and High Energy Neutrino Emission (E>1016 eV ) from Astrophysical Events and Study New Astro/Physics


