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Next Generation Instrumentation for 
Ultra-High-Energy Cosmic Rays (UHECR)
based on the Snowmass CF7 Whitepaper on UHECR with 
about 100 authors and 200+ endorsers  arxiv: 2205.05845

Summary Table: Major experiments for UHECR astrophysics and particle physics at 1017 – 1021 eV.
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Complementary Approaches
Two types of next-generation instruments 
needed to for future UHECR science

1. huge exposure combined with accurate 
knowledge of average mass composition

space-based stereo observation
 see remarks by Tonia Venters

ground-based multi-site international radio 
array for neutrinos and UHECR

2. event-by-event rigidity through high 
accuracy air-shower detection

particle astrophysics by back-tracing through 
magnetic fields when rigidity is known

more stringent tests of hadronic interaction 
model to investigate, e.g., muon puzzle

better identification of primary particle type 
also helps BSM searches, such as SHDM

2205.05845
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GCOS will be a 40,000 km² ground array of hybrid detectors distributed among several sites 
joint sites with GRAND radio arrays possible: huge statistics, but no event-by-event mass separation

Event-by-event mass separation requires simultaneous detection of muons + em. shower maximum (Xmax)

U.S. participation requires R&D during this decade, preparing for a possible U.S. site in the next decade

Global Cosmic-Ray Observatory (GCOS)

Left:
Complementary mass 
sensitivity of muons 
and Xmax is needed 
for event-by-event 
rigidity estimate

Right:
Possible particle detector of 
the GCOS array. Next steps: 

prototypes, optimizations 
and cross-calibration 

Antenna for 
inclined em. 
measurement

mostly em. 
component
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