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Science Goals:
- Discover the origin of Ultra-High Energy Cosmic Rays 

Measure Spectrum, composition, Sky Distribution at Highest Energies (ECR > 20 
EeV) using stereo air fluorescence technique

- Observe Neutrinos from Transient Astrophysical Events 
Measure beamed Cherenkov light from upward-moving EAS from -leptons 
source by  interactions in the Earth (E > 20 PeV)

- Probe particle physics at the highest energy scales

POEMMA is an observatory  comprised of two large-area (ACOLL  = 6 m2 ) 
Schmidt telescopes that orbit in a loose formation and measure the air 
fluorescence from extensive air showers (EAS) induced by UHECR while 
also slewing to measure  the beam Cherenkov radiation from upward-
moving EAS source by neutrino interactions in the Earth.

Development Supported under: NNH16ZDA001N-APROBES
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UHECRs: E > 20 EeV

P-air cross section measurement at √s ≈ 300 TeV

VHE  : E > 20 PeV
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POEMMA Collaboration

70+ scientists from 21+ institutions (US + 10+)
OWL, JEM-EUSO, Auger, TA, Veritas, CTA, Fermi, Theory

author list for The POEMMA (Probe Of Extreme 
Multi-Messenger Astrophysics), JCAP 2021, id.007
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What is the nature and origin of UHECRs?
- What are the source(s) and acceleration mechanism of 

UHECRs?

- Are the TeV-PeV neutrinos and UHECRs produced in the 

same sources? 

- What is the nature of the flux suppression at the highest 
energies?

- What is the composition evolution of the UHECR 
spectrum?

- Can UHECR charged-particle astronomy be able to study 
individual or classes of sources, considering the 
dependence on UHECR composition and understanding 
on galactic and extragalactic magnetic fields? HE 
neutrino detection from would help.

- Are there new interactions and physics waiting to be 
discovered at energies beyond those achievable at the 
LHC?

44

UHECR/ questions from the Astro2020 Decadal Review

Note Compressed Scale on y-axis: 
102.7 ≈ 500 
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POEMMA: UHECR Exposure History:

‘Nadir’

‘Limb’

5 year 
POEMMA
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POEMMA: UHECR Exposure History:

‘Nadir’

‘Limb’

5 year 
POEMMA
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POEMMA: Mission and Instrument
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• 3-5 year dual satellite mission in loose formation

• Orbit: 525km, 28.5° inc, Δt:95min

• Slew rate: 8min/90deg

• 3.3m diameter Schmidt optics telescope

- Full FoV: 45°

- Pixel FoV: 0.084°

• Hybrid focal surface

- 126720 MAPMT px (1μs)

- 15360 SiPM px (10ns)

• Two observation modes

- Stereo for UHECR, separation 300km

- Limb for ToO, separation 25km

- 300 km → 25 km Satellite Separation

▪ Puts both into Cherenkov Light Pool

▪ Δt: 3h

▪ 8-15 times during mission
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POEMMA: Hybrid Focal Plane
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UV Fluorescence Detection using MAPMTs 
with BG3 filter (300 – 500 nm) proofed on 

Mini-EUSO: 1 usec sampling, 3 mm pixel size

1.6 m

Elementary	Cell	(EC)

SiPM (8x8)

PCB1

Si-Diode

PCB2

Interconnector

Cherenkov Detection 
with SiPMs (300 – 1000 nm): 

10 nsec sampling

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

55 Photo Detector Modules (PDMs)= 126,720 pixels
1 PDM = 36 MAPMTs = 2,304 pixels 
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POEMMA: UHECR Performance: see PhysRevD.101.023012
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• Significant increase in exposure with all-sky coverage 
to guarantee the discovery of UHECR sources

• Spectrum, Composition, Anisotropy: ECR > 20 EeV
• Very good energy (< 20%), angular (≲ 1.2∘), and 

composition (Xmax ≲ 30 g/cm2)  resolutions 
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Auger-inspired Composition Evolution Model
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POEMMA Transient Neutrino Detection via external alert

Transient 
Source  AEFF
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Sky plot of the expected number of neutrino events as a 
function of source position (GalCoord) for POEMMA for 
Fang-Metzger  BNS merger model at 5 Mpc.
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POEMMA within the JEM-EUSO Program
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Technology Development supporting POEMMA & M-EUSO

12

14 CR HaHa Candidates
Optical Bifocal Trigger

PDM extended 
operation on ISS

Hybrid Focal Plane

TERZINA:

• Space-based Cherenkov Telescope with 
SiPM focal plane readout

• Science Goal to measure HaHa CRs above 
few hundred PeV from Low Earth Orbit.

2028



Summary and Status
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Results of NASA POEMMA Probe study:

- determined No new technology needed, could benefit from technology developments.

- SnowMass UHECR whitepaper, Ultra-High-Energy Cosmic Rays The Intersection of the Cosmic and 
Energy Frontiers, arXiv:2205.05845 recommends proceeding with the development of POEMMA as one 
of the next generation UHECR experiments (along with GCOS and GRAND).

- Rich portfolio of POEMMA science papers helped perception (at least within NASA community) that a 
mission like POEMMA, using UHECR, UHE & VHE neutrinos, probes unique and interesting high-energy  
astrophysics phenomena.

- EUSO-SPB2, POEMMA Balloon w/radio and TERZINA have kept technical development moving forward 
along with other projects JEM-EUSO program
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POEMMA Mission and Science Performance Publications
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Backup
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POEMMA UHECR Science in Context of Community Road Map
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10.1016/j.astropartphys.2023.102819

• The next-generation experiments (GCOS, GRAND, and POEMMA) will provide complementary information needed to 
meet the goals of the UHECR community in the next two decades. They should proceed through their respective next 
stages of planning and prototyping.

• Full-sky coverage with low cross-hemisphere systematic uncertainties is critical for astrophysical studies. To this end, 
next generation experiments should be space-based or multi-site. Common sites between experiments are encouraged.

• As a complementary effort, experiments with sufficient exposure ( 5×105 km2 sr yr) are needed to search for LIV, SHDM, 
and other BSM physics at the Cosmic and Energy Frontiers, and to identify UHECR sources at the highest energies. 

• A robust effort in R&D should continue in detector developments and cross-calibrations for all air-shower 
components, and also in computing techniques. This effort should include, whenever possible, optimized triggers 
for photons, neutrinos and transient events.

Snowmass Report Recommendations 
addressed by POEMMA:

https://doi.org/10.1016/j.astropartphys.2023.102819
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POEMMA UHECR Science in Context of Community Road Map
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POEMMA Detailed Science Goals
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- Discover the origin of Ultra-High Energy Cosmic Rays 

- Measure Spectrum, composition, full-sky Distribution at Highest 
Energies (ECR > 20 EeV) 

- Requires very good angular, energy, and Xmax resolutions: stereo 
fluorescence

- High sensitivity UHE neutrino measurements via stereo fluorescence 
measurements

18

- Observe Neutrinos from Transient Astrophysical Events 
- Measure beamed Cherenkov light from upward-moving 

EAS from -leptons source by  interactions in the Earth 
(E > 20 PeV)

- Requires tilted-mode of operation to view limb of the 
Earth &  ~10 ns timing

- Allows for tilted UHECR air fluorescence operation, higher 
GF but degraded resolutions

- Secondary Science Goals
- study fundamental physics with the most energetic cosmic particles: 

CRs and Neutrinos 

- search for super-Heavy Dark Matter: photons and neutrinos

- study Atmospheric Transient Events, survey Meteor Population, …



4/27/26 POEMMA - ASTRA Initiative 1919

UHECR Questions stated in the Astro2020 Decadal Review

... experiments have detected ultra-high-energy cosmic rays (UHECRs, in the ~1018 eV [EeV] range). 

• What produces these remarkably energetic particles? 

• Are the TeV-PeV neutrinos and ultra-high-energy cosmic rays produced in the same sources? 

• They are widely surmised to be accelerated in the relativistic jets of accreting supermassive black holes 

or gamma-rays bursts, but this has yet to be tested observationally. 

• Unfortunately, direct identification of a cosmic-ray source is difficult, since UHECRs are charged 

particles and are thus deflected as they travel through magnetic fields that permeate the universe. 

• However, a clear directional signature would be provided by the high-energy neutrinos that the UHECRs 

produce in the regions where they are accelerated. Higher sensitivity neutrino observations with better 

sky localization are critical for unraveling how nature’s most extreme particle accelerators work.“
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POEMMA: History and Heritage
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EASCherSim
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Technology Development for Enhanced Performance

Mass and power reduction of the instruments:

1. Lightweight, deployable optics

2. Low-power (< 1 mW) FEE for SiPM readout

• See Terzina-inspired  development for SiPM readout https://doi.org/10.3390/particles9010016

3. SiPMs in focal plane for EAS air fluorescence measurement

• Requires large FoV filter to retain air fluorescence signal ( ≲ 500 nm) but  eliminate dominant night-glow 
background at higher wavelengths.

21NIMA 985.164614 (2021)

https://doi.org/10.3390/particles9010016
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