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B. Kégl 2

SimInOLe



B. Kégl 3

Energy - flux

Such tenuous inferences reveal how little is known for cer-
tain about the origin of cosmic rays. Astrophysicists have
plausible models for how they might be produced but have no
definitive answers. This state of affairs may be the result of
the almost unimaginable difference between conditions on
Earth and in the regions where cosmic rays are born. The space
between the stars contains only about one atom per cubic
centimeter, a far lower density than the best artificial vacu-
ums we can create. Furthermore, these volumes are filled
with vast electrical and magnetic fields, intimately connected
to a diffuse population of charged particles even less numer-
ous than the neutral atoms.

Supernova Pumps

This environment is far from the peaceful place one might 
expect: the low densities allow electrical and magnetic 
forces to operate over large distances and timescales in a

manner that would be quickly damped out in material of ter-
restrial densities. Galactic space is therefore filled with an en-
ergetic and turbulent plasma of partially ionized gas in a state
of violent activity. The motion is often hard to observe on
human timescales because astronomical distances are so
large; nevertheless, those same distances allow even moder-
ate forces to achieve impressive results. A particle might zip
through a terrestrial accelerator in a few microseconds, but it
could spend years or even millennia in the accelerator’s cos-
mic counterpart. (The timescales are further complicated by
the strange, relativity-distorted framework that ultrahigh-en-
ergy cosmic rays inhabit. If we could observe such a particle
for 10,000 years, that period would correspond to only a sin-
gle second as far as the particle is concerned.)

Astronomers have long specu-
lated that the bulk of galactic
cosmic rays—those with energies
below about 1016 eV—originate
with supernovae. A compelling
reason for this theory is that the
power required to maintain the
observed supply of cosmic-ray
nuclei in our Milky Way galaxy
is only slightly less than the aver-

age kinetic energy delivered to the galactic medium by the
three supernova explosions that occur every century. There are
few, if any, other sources of this amount of power in our galaxy.

When a massive star collapses, the outer parts of the star
explode at speeds of up to 10,000 kilometers (6,000 miles) per
second and more. A similar amount of energy is released when
a white dwarf star undergoes complete disintegration in a
thermonuclear detonation. In both types
of supernovae the ejected matter expands
at supersonic velocities, driving a strong
shock into the surrounding medium.
Such shocks are expected to accelerate
nuclei from the material they pass
through, turning them into cosmic rays.
Because cosmic rays are charged, they
follow complicated paths through inter-
stellar magnetic fields. As a result, their
directions as observed from Earth yield
no information about the location of
their original source.

By looking at the synchrotron radia-
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AIR-SHOWER DETECTOR 
watches for traces of cosmic rays entering

the upper atmosphere. Photodetectors can
track flashes of light caused by particles in-

teracting with air molecules and determine
the energy and probable identity of the in-

coming rays. The Fly’s Eye detector (close-up
at far right) is located in Utah.
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The observatory
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Scientific goals

• Reconstruction (estimation) of the type of the primary parti-
cle (e.g., proton, iron nucleus)

• Counting muons in individual tanks

• Reconstructing the muon production height

• Parametrizing a comprehensive generative model
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Scientific goals

• Methodologies

• Inference based on the generative model (Task 2)

• Discriminative muon counting (Task 4)

• Deliverables

• a muon count estimator at mid-term

• full Bayesian reconstruction after 4 years
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The Auger team

• Marcel Urban (DR, team leader, 30%)

• Delphine Monnier-Ragaigne (MdC, UPsud, 10%)

• Sylvie Dagoret-Campagne (CR, 20%)

• Karim Louedec (doctorant, 20%)

• B. Kégl, R. Bardenet, postdoc 4
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