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Atomic nuclei produced in the cosmos that reach us on Earth
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DIRECT MEASUREMENT INDIRECT MEASUREMENT

THE FERMI GAMMA-RAY PIERRE AUGER OBSERVATORY
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Direct measurement of cosmic rays involves capturing and analyzing high-energy particles
using specialized detectors, such as cloud chambers or digital tracking systems. Indirect
measurement relies on observing the secondary particles and radiation produced when

cosmic rays interact with the Earth's atmosphere




I el B B B
Py : ST W W E
W o e RS
= b Y B
3 ':‘S - . 1oy g .
v ol ) &y )

Muons are subatomic particles
similar to electrons but with a

bigger mass, approximately 200
times that of an electron.

They are classified as leptons and
> are unstable, decaying into other
particles with a relatively short
lifetime, about 2,2 microseconds.

ss =105.66 MeV/c’

v Muons penetrate any matter,
better than any other known
particles, except neutrinos.




When subatomic - particles
ike protons enter the
Earth’'s atmosphere, they
create a secondary shower
of particles, including
MUONS that make up a
large  portion  of the
background radiation
present on the Earth's
surface.
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Muons that arrive perpendicular to the Earth's surface (arriving along the
direction of the local zenith), travel the shortest distance in the atmosphere, while,
for high angles of incidence, with respect to the zenith, the distance to travel is

longer.

Zenl

The greater the theta
angle, the greater the
distance traveled, and
consequently, greater is
the probability that the
muons  decay  Dbefore
reaching  the Earth's
surface, and the flux is
lower.
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- The Cosmic Ray Cube (CRC) is a portable device that detects muons.

It measures particle flow and angles at different altitudes. |

It consists in four modules with two layers of scintillator bars arranged at
right angles and has LEDs to show when particles pass through.




Each group of students
counted the number
of muons per minute,

then reapeated the
mesurements for
different angles.



ZENITH ANGLE MEASUREMENT
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As expected, the number of muons per minute decreases, changing the
zenith angle according to the cos * 6 law.

Muon rate as function of zenith angle
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