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A century of Cosmic Rays

Charles-Augustin de Coulomb Sir William Crookes 

Explaining Electrical Discharge @ Gold-Foil

Testing Expectations – Pacini : The Explorer

Domenico Pacini

Joseph John Thomson Julius Elster (left) and Hans Geitel

1910
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Around the World
Victor F. Hess

He named
“ultra-gamma 

radiation”

J. Clay, A. Compton 
CR intensity depends on latitude &  

follows geomagnetic field lines

T. Johnson
East-West effect → CRs are 
positively charged

1911/12

1927

1933

1933

Blackett and Occhialini 
CR shower in Wilson's chamber inside a 
strong magnetic field

Others
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Air Showers

1936
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Understanding till 1970s
doi.org/10.1016/0370-1573(75)90045-9

https://doi.org/10.1016/0370-1573(75)90045-9
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Current Understanding
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Current Understanding

Rafael Alves Batista



doi.org/10.1016/j.asr.2017.05.030
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Energy Budget

Need Mercury-orbit-sized accelerator to 
reach 1020 eV using LHC tech.

https://doi.org/10.1016/j.asr.2017.05.030
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CR Spectrum
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Solar Modulation
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Direct Detection @ Edge of Atmosphere
AMS

CALET

ISS-CREAM

12

Upcoming Talk

Jun 6 (3:00pm) - Mike Duvernois 

CR direct detection 
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CR Spectrum

IceTop + IceCube
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EAS : The Movie



Indirect Detection using Extensive Air Shower

1
5

EM Shower Hadronic Shower

Heitler-Matthews Model

Simplified model to explain particle cascade 
production in atmosphere

Good enough to understand correlation between various 
observables → Details upcoming in the talk  @ the CR School 
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Cosmic Ray Detection

doi.org/10.1016/j.astropartphys.2023.102819

https://doi.org/10.1016/j.astropartphys.2023.102819


Venice  : ≈ 1 mKASCADE : ≈ 110 mTunka-133 : ≈ 675 mPierre-Auger : ≈ 1.4 kmTelescope Array : ≈ 1.4 kmGRAPES - 3 : ≈ 2.2 kmIceTop : ≈ 2.84 kmH.A.W.C. : ≈ 4.1 kmLHAASO : ≈ 4.41 km
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EAS : Particle Numbers

Stef Verpoest Thesis

Upcoming Talk
Jun 9 (10:00am) – Paras Koundal

CR Indirect detection 
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Why Energy & Composition?



Ice Fishing for Cosmic Rays



IceTop Array



IceTop Station
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Practice YourselfCore & Direction

In reality
Complex likelihoods considering 

spatiotemporal, charge, 
saturation etc. information are 

built and minimized  
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Energy

Signal expectation at 125 m 
from shower axis

Measure of the steepness of the LDF

≈ 0.303

S125 is a good energy proxy 



Energy Correction
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EAS

IceTop

In - Ice

TeV Muons

Composition
Direct muon counting is not 

possible
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Composition

In-Ice Muon Energy deposit is a 
good proxy for muon-number

Elbert Formula 



proton

Helium

Oxygen

Iron
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Spectrum
doi.org/10.1103/PhysRevD.100.082002

https://doi.org/10.1103/PhysRevD.100.082002


Anisotropy
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https://doi.org/10.3847/1538-4357/aaf5cc


Anisotropy
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Upcoming Talk

Jun 3 (10:40am) - Perri Zilberman

Cosmic Ray Anisotropy

https://doi.org/10.3847/1538-4357/aaf5cc
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Sun & Moon Shadow
Solar Magnetic Field 

Low Activity

High Activity

doi.org/10.1051/0004-6361/201936306

https://doi.org/10.1051/0004-6361/201936306
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Sun & Moon Shadow

☀ 🌑
doi.org/10.1103/PhysRevD.103.042005

https://doi.org/10.1103/PhysRevD.103.042005
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CR Landscape
H. Dem

binski et al. , UHECR-2024 

Knee

2nd Knee

Ankle

Auger & TA
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Pierre Auger Observatory
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Pierre Auger Observatory

doi.org/10.1038/514020a

https://doi.org/10.1038/514020a
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Hybrid Detection : Pierre Auger Observatory Open Data

opendata.auger.org

https://opendata.auger.org/
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GZK

？
🤔
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GZK (Greisen–Zatsepin–Kuzmin) Limit
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Charged Particle in Magnetic Field
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https://doi.org/10.1007/s42452-021-04891-z
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Magnetic Fields

M51

Credits: NRAO

ESA & Planck Collaboration 
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https://doi.org/10.1016/j.nuclphysbps.2004.11.107
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Propagation
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Sources

doi.org/10.1016/j.asr.2017.05.030

https://doi.org/10.1016/j.asr.2017.05.030
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The Path Ahead

Antennas Scintillator Cherenkov Global Cosmic Ray Observatory
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The Final Frontier doi.org/10.22323/1.459.0005

https://doi.org/10.22323/1.459.0005


CRWG @ IceCube
WG-Leads Tech-Lead

Matthias Plum Stef Verpoest Katherine Rawlins

Calls : 9:00 am @ Every Friday (CDT)


