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Recap: Air Showers



Ultrahigh-Energy Cosmic Rays

• Air Shower Physics
(electromagnetic and hadronic showers, shower maximum, muons in air showers)

• Detection Techniques
(particles, fluorescence- and Cherenkov-light, radio)

• Key Observations (and their Interpretation)
(anisotropies, mass, spectrum, Peters cycle, propagation, cosmic magnetic fields)



Air Shower Detection

F. Schröder, 2017



Air Shower Detection

Engel, Heck, Pierog Ann.Rev.Nucl.Part.Sci. 61 (2011) 467
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Particle Detectors



Telescope Array

Pierre Auger Observatory
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T.Stanev, “High Energy Cosmic Rays” (2010)





Scintillator detectors of the Auger Observatory

13/11/15	Auger	meeting	Malargüe 11

Lecce	design	assembly	steps
2025 JINST 20 P08002
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Water-Cherenkov detector 
triggers scintillator readout

MIP calibration:  
work in progress

R.Engel ISVHECRI26



Comparison of water-Cherenkov and scintillation signals
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 Layout SD-750 SD-433
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underground

● Highly segmented 
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● Direct access to 
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Optimal for composition studies in 
the range 1016.5 – 1018.5 eV
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“Amaterasu” Particle
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SD0116: 2.2 MIP at 3.6 km

SD0217: 21.8 MIP at 2.3 km

SD0316: 19.2 MIP at 2.4 km

SD0317: 78.6 MIP at 1.5 km

SD0318: 216.9 MIP at 1.3 km

SD0416: 7.3 MIP at 2.3 km

SD0415: 4.9 MIP at 3.4 km

SD0417: 393.6 MIP at 1.1 km

SD0418: 5581.2 MIP at 0.3 km

SD0516: 12.1 MIP at 2.5 km

SD0419: 347.5 MIP at 1.2 km

SD0517: 211.1 MIP at 1.4 km

SD0518: 3548.4 MIP at 0.7 km

SD0519: 313.0 MIP at 1.2 km

SD0616: 3.6 MIP at 3.1 km

SD0617: 32.9 MIP at 2.2 km

SD0618: 96.8 MIP at 1.7 km

SD0615: 1.8 MIP at 4.1 km

SD0619: 40.3 MIP at 1.8 km

SD0718: 9.7 MIP at 2.7 km

SD0620: 8.2 MIP at 2.6 km

SD0720: 13.4 MIP at 3.2 km

SD0820: 4.6 MIP at 3.9 km

• E =
(
2.44± 0.29 (stat.)+0.51

−0.76 (syst.)
)
×1020 eV

• if Fe: Enom = (2.12± 0.25)× 1020 eV
• Fe at −1σsyst.: Elow = (1.64± 0.19)× 1020 eV



・

100 km

Aim
• Quadruple TA
• Four-times-faster highest-energy cosmic-ray 

collection

TAx4 SD
Goal
• Deploy 500 SDs with 2.08 km spacing
• Expand the array to ~3,000 km2 (TA SD + new SD)

Current Status
• 257 SDs deployed in 2019 (current size: TAx2.5)

H. Sagawa ISVHECRI26

Extension of Telescope Array – TAx4



Fluorescence Telescopes







Air Shower Detected by Auger FD



Air Shower Detected by Auger FD



Air Shower Detected by Auger FD



Air Shower Detected by Auger FD



Air Shower Detected by Auger FD



Air Shower Detected by Auger FD



Time of Photon Arrival at Camera

time at FD:
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Fly’s Eye Coll., ApJ 441 (1995) 144

see also T.Fitoussi et al, JCAP 01 (2020) 042



“Hybrid Detection” (e.g. fluorescence and particles)



“Hybrid Detection” (e.g. fluorescence and particles)
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Non-Imaging Cherenkov Detectors







NICHE Array at TA

Solar Panel

GPS

WLAN

Count
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Charge Controller

Winston Cone

14 stations on 100 m grid
(1-100 PeV)



Radio Detectors



T. Huege, Phys.Rept. 620 (2016) 1



Auger Coll., PRL 116 (2016) 241101



Some Results (E and A)



Energy Spectrum
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Energy Spectrum
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Mass Composition
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Future UHECR Experiments

Auger&TA UHECR sky 2018 [σloc ]



UHECR Detection at Ground?
e.g. Global Cosmic-Ray Observatory (GCOS): 2 × (Auger × 10) (North and South)
2× 30000 km2 , 2.2 km detector spacing, 2× 9000 stations, threshold 30 EeV

I. Maris UHECR22



UHECR Detection at Ground? One GCOS site (30k km2) vs. Sicily (25k km2)

see "Ideas and Requirements for the Global Cosmic-Ray Observatory (GCOS)” arXiv:2502.05657



UHECR Detection From Space?
e.g. POEMMA (JCAP 06 (2021) 007)



UHECR Detection From Space?
e.g. POEMMA (JCAP 06 (2021) 007)



UHECR Detection From Space?
Pathfinder Mini-EUSO on the ISS

→ possible duty cycle: 18%
(13% taking into account clouds)



Future UHECR Experiments
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all at 50 EeV, except POEMMA limb at 300 EeV
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AGN SBG RG

AGN: active galactic nuclei, SBG: starburst galaxies, RG: radio galaxies



Ultrahigh-Energy Cosmic Rays

• Air Shower Physics
(electromagnetic and hadronic showers, shower maximum, muons in air showers)

• Detection Techniques
(particles, fluorescence- and Cherenkov-light, radio)

• Key Observations (and their Interpretation)
(anisotropies, mass, spectrum, Peters cycle, propagation, cosmic magnetic fields)


	pbs@ARFix@1: 
	pbs@ARFix@4: 
	pbs@ARFix@13: 
	pbs@ARFix@14: 
	pbs@ARFix@15: 
	pbs@ARFix@16: 
	pbs@ARFix@17: 
	pbs@ARFix@18: 
	pbs@ARFix@19: 
	pbs@ARFix@20: 
	pbs@ARFix@2: 


