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The Cosmic Ray Mystery
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Courtesy ALPHONZ WEBER, FORDHAM UNIVERSITY

Victor Hess surrounded by Austrian peasants
after landing from one of his ascensions a few
weeks before his record breaking ascent in the
Bohmen.
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primary particle

~20km altitude

stratospheric balloon

~40km

/ collision point of
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Victor Hess
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~54km éltitude
Victor Hess

Telescope Array /
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~ Cosmic

/\

Cosmic rays have been observed with energies up to 1020eV (100EeV) or

107 LHC beam energies

® Cosmic ray spectrum

20 | LYY 0
— 10 Ry 00’?? o A:xgﬂuﬂ N f 14% Auger Energy Scale Uncert.
extremeldy (\"}/':\”A 'h P : ESchroeder @ ICRC2019
measure , \UZE, ~ 5
) 3
.o O e .
'T'm 10" L Tibet I ApJ 678 (2008) 1165 " %
~ i ibe p 4, 1
comin g from ? - ¢  Tunka-Rex PoS(ICRC2019)319 33‘.:¢*+ }
) X 4 KASCADE-Grande (ICRC2015, QGSjetl.04) % H
i e RT { GRAPES PoS(ICRC2019)449 .
® VWhat cosmic sources E 103§ HAWC PRD 96 (2017) 122001 ¢ |
3 ¢ IceTop Infill PoS(ICRC2019)318
acce | erate th ese % ¢ IceTop Pos(ICRC2019)172 +
parti cles to ene I"gi es S }  Telescope Array PoS(ICRC2019)298 f‘
weII beyon d that 2 ol ¢  Auger PoS(ICRC2019)450
13 14 15 16 17 18 19 20
reached at LHC ? la(E / eV)
Carsten Rott 8 APCTP - 70th Workshop on Gravitational Waves

and Numerical Relativity - Oct 5, 2023



cosmic rays
+ nputrinoé

Cosmic Ray Sources

— Active Galactic Nuclei (AGN)
— Gamma Ray Bursts (GRB)
— Supernovae (SN)

— Galaxy Clusters

— Unknown

) Victor Francis Hess

Discovery of ¢

cosmic-rays | ¢ ~



Cosmic rays interact in the upper atmosphere:

3 b +A — TE (K¥) + other hadrons
T — |.|+Vp — e+VeVpr
- + ;
n v & p = proton
T U= muon

\ T = pion IceCube Collaboration Phys. Rev. Lett. 110 (2013) 151105 /1212.4760v2

v “ V = neutrino Tl
\ et = electron  F ® v, (unfolding)
o- 1 e"=po sitron "g - :_ 41 v, (forward folding)
1 , \ > E
v ‘ . v = photon @, - A v, (DeepCore 2013)
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