Leading Observatories of
Ultrahigh Energy Cosmic Rays

PIERRE
AUGER

OBSERVATORY

Pierre Auger

Observatory

zf" Mendoza, Argentina
N (19 country collaboration)

Telescope Array
Utah, US

(5 country collaboration)

700 km? array

3 fluorescence 3 000 km? array

telescopes “: 4 dluorescence telescopes
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TA SD Full Sky (ICRC 2015)

Auger SD Full Sky (ICRC 2017)
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Constant rescaling factor of
5.2%

« From fitting ratio of fluxes
Auger/TA into a unity in
the ankle region

 Auger energies raised by
5.2%

TA energies lowered by
5.2%

Agree in the ankle region
10184 eV < E < 10194eV after
rescaling

Difference above 10194 eV
persists after locking energy
scales of experiments
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D. lvanov - ICRC 2017
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How many UHECRs > 60 EeV?

Auger w/ 3,000 km?

~25 events > 60 EeV/ yr
Telescope Array w/ 700 km?

~5 events > 60 EeV/ yr

\
Auger + TA ~ 30 eveeglgn‘
o
B
Earth - surface ~ 5 10° km?
~3.4 10° events/yr
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Go to SPACE!
To look down on the

Atmosphere!



How many UHECRs > 60 EeV?
* Auger + TA ~30 events/yr

. POEMMA
+ ~300 events > 60 EeV/y Yo\ L4
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o Earth - surface ~ 5 108 km?

~3.4 10° events/yr




1979, An idea™ of John Linsley

John Linsley in 1979 in the Field Committee
Report of NASA “Call for Projects and Ideas in
High Energy Astrophysics for the 1980s”

| The concept to observe, by means of Space Based
~ devices looking at Nadir during the night, the

fluorescence light produced by an EAS proceeding
in the atmosphere

Y. Takahashi (1995):  [Sela
MASS: Maximum Energy [FEaciiiEs=ss
Auger (Air Shower

Satellite Italian Mission)

Fig. 3 Artist view of the MASS on orbit.



EXTENSIVE AIR-SHOWER
FLUORESCENCE
FROM SPACE
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JEM-EUSO is
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JEM-EUSO0O
PROGRAM

EUSO-TA (2013-)
EUSO-Balloon (2014)
TUS (2016)
EUSO-SPB1 (2017)
Mini-EUSO (2019)

EUSO-SPB2 (2023)

Atmospher

Cherenkov
K-EUSO (2024+)

TA-EUSO (2013) S
POEMMA (2028+) ~ Whkm e



Science Instrument




<« 'OBSERVING MODES
WNAI_DvIR FOR UHECR: LiMB FOR NEUTRINOS & UHECRS
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Scientific challenges:

Energy threshold below GZK cutoff (a factor of 2 higher energies means very
few statistics and no inter calibration with ground experiments).

Light conditions continuously varying (ISS speed 7.5 km/s —> night/day
change every 45 minutes).

Atmospheric conditions (clear sky, clouds, lightning, cities and anthropic light)
continuously changing.

We need to test the capability of the instrument to adapt its working
conditions to the different situations.

We need to record and recognise the different atmospheric and
anthropogenic conditions.

Technological challenges:

_ow power consumption (<1kW for POEMMA single tel. - >10° pixels)
_ow mass (~1.5 tons for POEMMA single tel.))

_ow telemetry (1 GB/day for POEMMA single tel.)

Radiation hard instrumentation
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Space-qualified instrumentation (need to increase TRL)



JEM-EUSO Observation Principle

JEM-EUSO
Ho~

400 km

Projection on Earth's surface
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Exposure for ToO Observations
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