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Highest-energy cosmic rays have extragalactic origin

A 50-year-old debate has at last been settled: the highest-energy cosmic rays do not
originate in our own Galaxy but in galaxies located tens or even hundreds of millions of
light years away. The evidence comes from the Pierre Auger Observatory in Argentina,
which has been gathering data since 2004 about these particles that constantly bombard
the Earth. The CNRS is the observatory's principal French funding agency. The discovery
is published in the journal Science dated 22 September 2017 by an international
collaboration including researchers from the Institut de Physique Nucléaire d’Orsay
(CNRS/Université Paris-Sud), the Laboratoire de Physique Nucléaire et des Hautes
Energies (CNRS/UPMC/Université Paris Diderot) and the Laboratoire de Physique
Subatomique et de Cosmologie (CNRS/Université Grenoble Alpes/Grenoble INP).

Cosmic rays are atomic nuclei' that travel through space at speeds close to that of light. Low-energy
cosmic rays come from the Sun or from our own Galaxy, but the origin of the highest-energy particles has
been the subject of debate ever since they were first discovered fifty years ago: do they come from our
Galaxy or from distant extragalactic objects? The question has now been settled by studying 30 000
cosmic-ray particles with energies a million times greater than those of the protons accelerated in the
LHCZ They were detected from 2004 to 2016 at the largest cosmic ray observatory ever built, the Pierre
Auger Observatory in Argentina. Analysis of the arrival directions of the particles showed that at such
energies the flux of cosmic rays coming from a region of the sky located 120 degrees from the galactic
center is approximately 6% higher than if the flux were perfectly uniform. This direction cannot be
associated with potential sources in either the galactic plane or galactic center, providing the first
convincing evidence that these cosmic rays have an extragalactic origin.

The flux of these very high-energy cosmic rays (exceeding 2 joules) is about one particle per square
kilometer per year3. When the cosmic rays collide with molecules in the upper atmosphere, they create
cascades of over 10 billion secondary particles, known as air showers, which can cover an area exceeding
40 square kilometers by the time they reach the ground. The Pierre Auger Observatory detects some of
these secondary particles (electrons, photons and muons) by means of an array of 1 600 detectors, i.e.
tanks of pure water spaced 1.5 kilometers apart and covering 3 000 square kilometers in the Argentinian
pampas, an area slightly larger than Luxembourg. By comparing the arrival times of particles at the
different detectors it is possible to determine where the cosmic ray particle that produced the air shower
came from.

' From the lightest nuclei, those of hydrogen (protons), up to iron nuclei.
2 CERN's Large Hadron Collider. This corresponds to an average energy of 2 joules.
3 Put another way, a football field would on average be hit by one cosmic ray particle every century.



UNIVERSITE

PARIS

NUp) PARIS UNIVERSITE . 158 ‘
w :DIDEROT P C % Grenoble °"“"°""J'"f
G . Al

www.cnrs.fr

This discovery clearly indicates an extragalactic origin for these cosmic rays, since there is a probability of
only one in five million that the pattern observed in the sky is due to chance. However, the study has not
yet succeeded in locating the sources precisely. This is because the region where cosmic rays are
brightest covers a large part of the sky, where the number of galaxies is relatively high. In addition, our
Galaxy's magnetic field deflects the paths of these charged particles*, making it more difficult to locate their
Sources.

Some cosmic rays have even higher energies than those focused on in this survey. They have the
disadvantage of being even more unusual, but also the advantage that they are not as deflected by the
magnetic field of our own Galaxy. Their direction of arrival may therefore more accurately indicate the
region where they were produced. In 2007, an earlier study pointed to a correlation between active galactic
nuclei and the arrival directions of the highest-energy cosmic rays then detecteds, but this correlation
subsequently turned out to be not very significant. Research is currently being carried out on a much larger
sample of ultrahigh-energy cosmic rays, and may provide some answers. At the same time, an upgrade
program is underway at the Pierre Auger Observatory, which should make it easier to identify the sources.

400 scientists from 18 countries take part in the Pierre Auger Collaboration, which develops and runs the

observatory of the same name. The CNRS is the observatory's principal French funding agency. The

following French laboratories contribute to the collaboration:

- the Institut de Physique Nucléaire d'Orsay (CNRS/Université Paris-Sud) ;

- the Laboratoire de Physique Nucléaire et des Hautes Energies (CNRS/UPMC/Université Paris
Diderot) ;

- the Laboratoire de Physique Subatomique et de Cosmologie (CNRS/Université Grenoble Alpes/
Grenoble INP).

One of the 1 600 detectors at the Pierre Auger Observatory

The detectors are tanks filled with 12 tonnes of pure water, which
are used to detect particles from air showers, cascades of
secondary particles produced when cosmic rays enter Earth's
atmosphere. As they travel through the tanks of water, the
secondary particles produce a flash of light caused by the
Cherenkov effect.

The Pierre Auger Observatory in Argentina is the world's largest
cosmic ray detector. It is named after the French physicist who
was the first to observe air showers, in 1938.

© Céline ANAYA-GAUTIER/CNRS Photothéque

4 Even at such energies, deflections are in the region of a few tens of degrees.

5 See press rell

: L'Observatoire Pierre Auger remonte aux sources des rayons cosmiques d'énergie extréme (8 November 2007).
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Artist's impression of an air
shower over a particle detector at
the Pierre Auger Observatory,
seen against a starry sky.

© A. Chantelauze, S. Staffi, L. Bret

0.46 Sky map showing the cosmic
ray flux.

The region showing an excess of
cosmic rays is circled.

The Galactic center is at the
center of the ellipse.
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Other images of the Pierre Auger Observatory are available from the CNRS photo library:
http.//phototheque.cnrs.fr/p/136-1-1-0/ et http.//phototheque.cnrs.fr/p/164-1-1-0/.
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