
Roy Young/ES34
Marshall Space Flight Center

roy.young@nasa.gov

Probe of Extreme Multi-Messenger 

Astrophysics (POEMMA) Probe Mission



NASA Probe Studies for 2020 
Decadal Survey

- NASA funding 10 Probe Class  (below 1B$) Mission (18 mos) Studies in Preparation for the 2020 
Decadal Survey - POEMMA: Probe of Extreme Multi-Messenger Astrophysics

- PI responsible for the final report (due NLT Dec 2018)
- NASA will submit these studies to the Decadal Survey
- Decadal Survey Committee will have the option to prioritize any of these mission concepts, or 

recommend a competed line of Probes (similar to Explorers)
- Selection based on Science Merit (cost, schedule)



• Cosmic rays are charged particles such as protons, 
electrons and nuclei of atoms

• They are NOT electromagnetic radiation (aka light)
• They interact with nitrogen in the atmosphere to 

produces EASs
• More than a hundred secondary particles of swarm 

through our body every second! 
• Cosmic rays are of great importance in biology as they are 

responsible for many genetic mutations and to spacecraft 
as they cause single event upsets (SEUs) in computers

• The air fluorescence will be a luminous disc (equal to 
100W light bulb)  a few meters thick, 1 km across moving 
at nearly the speed of light. The wavelengths of interest 
are in the 300 – 400 nm region.

Extensive Air Showers (EASs)

3x1020 eV = 50 joules = 1 Tyson =  UHECRs 
traveling at 99.999999999999999999999% 

of the speed of light

ankle

knee

0.1 km-2

century-11 m-2 yr-1

Ultra-High Energy Cosmic Ray Flux

1 km-2 yr-1

1 of 11 unanswered questions 
in Physics - still unanswered



Starting Point Design

• 2 formation-flying spacecraft (OWL concept)
• f/1 Schmidt camera, 45° FoV, 
• Detailed design being defined – OWL scaling:
• 10 m  diam. primary mirror  deployable  (OWL: 7m)
• 4.3 m diam. corrector lens
• 8 m2 focal plane with ~500,000 pixels 
• (~ 0.06O pixel ~1 km2 projected on the ground at 1,000km altitude)
• 14 m2 effective aperture  (OWL: 7.07 m2)
• weight TBD ~2400 kg; 
• power consumption TBD ~600 W



OWL – Orbiting Wide-Angle Light Collectors
IDL Study - 2001



POEMMA Optical Layout
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Launch Configuration

SpaceX Fairing



IDL Mechanical Design
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Optical Performance
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EUSO-SPB2
Overview



EUSO-SPB2 Observation Approach

 Detect high altitude UHECR and UHEv through Cherenkov signal

 Pathfinder for POEMMA Instrumentation 

 Schmidt camera: corrector, stop, mirror, coatings

 Detector technology (MAPMT, SiPM, others), filters

 Corrector material: PMMA vs glass

 Charged particle rejection:  Veto, Coincidence, Bi-focal 

 Limb field of view

 Background measurement for upward going EAS shower 

 Detect EAS showers through fluorescence



EUSO-SPB2 Instrument (as proposed)

• Optics FoV: 29◦x3.2◦

• Corrector Plate: PMMA ~1m2

• Image resolution: 1mm

• Pixel size: 3mm square

• Mirror: 1.8(H) x 1.1(V) split 

• Detectors

• Cherenkov

• response range: 400 – 700 nm

• 1st level trigger threshold discriminator (realtime), 

• 2nd level trigger simple logic in FPGA (serial, near realtime)

• 100 ns signal sampling for 1 us, continuous digitization with 16 channel fifo buffer

 Fluorescence

 response range: 330 – 400nm

 0th level trigger threshold discriminator (realtime), 

 1st & 2nd level trigger logic in FPGA (serial, near realtime)

 1us signal sampling for 256 us 



Optics



SP2 Telescope



EUSO-SPB2 Gondola


