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Probe Of Extreme Multi-Messenger Astrophysics

 POEMMA’s exposure from nadir (stereo)
to limb observations surpasses that of
ground-base detectors

The large exposure is expected to yield
high statistics for UHECRs detection
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Consists of four main instruments:
Fluorescence Camera
Cherenkov Camera
   /X-ray detector 
Radio Instrument
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RADIO EMISSION MECHANISMS

Responsible for over 90% of
radio emission in air for inclined

downgoing showers
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Recall PBR’s second main science goal: Observation and study of HAHAs 
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Downgoing Shower
HAHA

High Altitude Horizontal Air Shower
Entire development in atmosphere

AKA Earth-skimming, Atmosphere-
skimming showers

Characteristics

Described by:
Energy of primary particle
Impact parameter (b)

For low impact parameters, HAHAs can
fully develop to shower maximum
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Characterize difference between ZHAireS and CoREAS
for familiar geometries: downgoing showers
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Characterize difference between ZHAireS and CoREAS
for familiar geometries: downgoing showers

Characterize difference between RASPASS and
CoREAS for HAHAs

Goal
Get a baseline expectation of radio emission from HAHAs for PBR using AIRES and CORSIKA

Run multiple showers with same
parameters*

Select showers with similar Xmax

Compare across bands of interest

Run multiple showers with same
parameters

Select showers with similar development

Compare across bands of interest
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Compare across bands of interest

Proton shower,  zenith: 80°, primary energy: 10  eV17FIRST PHASE
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Proton shower,  zenith: 80°, primary energy: 10  eV17

Compare across bands of interest

FIRST PHASE

Overall simulations have similar
results
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Proton shower,  zenith: 80°, primary energy: 10  eV17

Agreement below 10%
difference at Cherenkov ring
of PBR Band (pink) 

Not unexpected, as it has
been reported  that radio
emission adds incoherently
at higher frequencies 

1

Overall simulations have similar
results

Cruz Sanchez, et. al., 20251
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POEMMA is a space-based mission that is expected to contribute large statistics on UHECRs that will help
respond the unanswered question about their origins
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POEMMA is a space-based mission that is expected to contribute large statistics on UHECRs that will help
respond the unanswered question about their origins

PBR is a POEMMA pathfinder mission with the unique opportunity to study radio emission from High-
Altitude Horizontal Air Showers, as some HAHAs may fully develop

The presented 1-to-1 shower comparison seems to confirm earlier studies that ZHAireS and CoREAS agree
to better than 10% in the 30-80 MHz band. Differences at higher frequency need to be further
investigated.

Thank you, questions?
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study and the training of CNN-based classification and denoising models. A previous statistical comparison of
downgoing showers will precede the HAHA study to set up the analysis pipeline and compare to known results.
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Run multiple showers with same
parameters

Energy: 10  eV17

Azimuth: 0°
Primary: proton or iron
Magnetic field: 50 nT downwards
Zenith: 0°- 85° (increasing by ~10° per group)
~224 antennas placed in multiples of the
Cherenkov angle at Xmax

12 groups of ~10 simulations per
code (CoREAS, ZHAireS)

FIRST PHASE

POEMMA and PBR Next Steps and ConclusionsRadio SimulationsCharacterization of HAHAS
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A month-long SPB flight will provide about 9,000 HAHA events, enabling a
measurement of the cosmic-ray spectrum and the discrimination of the

cosmic ray composition at energies around 0.5 PeV and above.

More info about PBR and its RI 

The buffer between the CC trigger and the RadioDAQ board will not
exceed ~130 ns and data output will be no larger than ~20 kB per event.

A flight of 14 days would allow to get enough data to achieve the science
goals of PBR.
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PBR SCALE

PBR Team, JEM-EUSO Collaboration
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Iron shower,  zenith: 85°, primary energy: 10  eV17
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arXiv:2509.04302
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FIRST PHASE
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Select showers with similar Xmax

FIRST PHASE

Primary Particle: Proton

Zenith: 80°

Primary energy: 10  eV17
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Cherenkov ring
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Simulation Geometry
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Simulation Geometry
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Denoiser
Using data from the prototype station at the IceCube Neutrino Observatory
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POEMMA Extra Info

34

“POEMMA-Stereo performance can be summarized as follows: energy resolution: ≤ 18% above 50 EeV; angular resolution: <
1.5° above 40 EeV; and Xmax resolution of < 40 g/cm2 above 40 EeV.” 

“All of these improve as UHECR energy increases.”

10.1088/1475-7516/2021/06/007

CoREAS and ZHAireS Radio Air-Shower Simulations for POEMMA Balloon with Radio (PBR)
ISCRA 2026  ⚬ July 30  2026 ⚬ Paula Gálvez Molina ⚬ paulagm@udel.eduth,

https://arxiv.org/pdf/2012.07945
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