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Planck reveals the dynamic side of the Universe

The Planck collaboration, which includes the CNRS, the French Alternative Energies and
Atomic Energy Commission (CEA), the French National Space Agency (CNES) and several
French universities and institutions, has today released data from four years of
observation by the European Space Agency (ESA)'s Planck spacecraft. The aim of the
Planck mission is to study the Cosmic Microwave Background, the light left over from the
Big Bang. The measurements, taken in nine frequency bands, were used to map not only
the temperature of the radiation but also its polarization!, which provides additional
information about both the very early Universe (when it was 380,000 years old) and our
Galaxy's magnetic field. The data and the accompanying articles have been submitted to
the journal Astronomy & Astrophysics, and are available on ESA's website2. This
information will enable scientists to better determine the matter and energy content of the
Universe, the age of the birth of the first stars, and the rate at which space is expanding.

2 PLANCK'S POLARISATION OF THE COSMIC MICROWAVE BACKGROUND

Credits : ESA - collaboration
Planck/E. Hivon/CNRS

! Polarization is a property of light in the same way as color or direction of propagation. Although this property is invisible to the human eye, it is familiar to us (e.g.
sunglasses with polarized lenses or 3D glasses for the cinema). A propagating light beam actually results from tiny vibrations of an electric field and a magnetic field.
When the electric field oscillates preferentially in a given direction we say that the light is polarized. Certain physical phenomena produce polarized light naturally,
which is the case for the Cosmic Microwave Background. The polarization is measured by two instruments on board the spacecraft in seven channels ranging from 30
to 353 GHz. Information is currently available for four out of the seven channels: in the three channels of the low-frequency instrument and in the 353 GHz channel of
the high-requency instrument.

The findings are available from http://www.cosmos.esa.int/web/planck/publications
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From 2009 to 2013, ESA's Planck spacecraft observed the Cosmic Microwave Background (CMB), the
oldest light in the Universe. The legacy of this project comprises a huge amount of invaluable data of key
importance for several fields in astrophysics. It includes a map of the polarized emission from interstellar
dust, a catalog of 13,188 cold, dense clouds in our Galaxy and of 1,653 galaxy clusters detected via their
interaction with the CMB, as well as information about the way in which matter has gradually clustered
together over the last ten billion years, and, last but not least, a full-sky map of the CMB. This map enables
researchers to view the distribution of matter 380,000 years after the Big Bang. Thanks to this data, our
knowledge of the early Universe has taken on new momentum, making it possible to explore every aspect
of the cosmological model.

The Cosmic Microwave Background

On the above map, the colors show the deviations of the temperature of the Cosmic Microwave

Background from its mean value. The colder blue regions and the warmer red regions provide evidence of

variations in the density of matter early in the history of the Universe. The map also provides underlying

evidence of the direction and intensity of polarization. They form an imprint that shows the motion of

matter, which falls in towards the densest regions and escapes from regions that are less dense. These

structures can be observed in the sky at different scales.

The new data allows the physical content of the Universe to be determined precisely:

o 4.9% of its energy today is made up of ordinary matter,

e 25.9% is made up of dark matter, whose nature remains unknown,

e and 69.2% is made up of another kind of energy which is different from dark matter and whose precise
nature is even more puzzling.

The time at which the first stars were born can now also be better determined, and is now estimated to be
around 550 million years after the Big Bang. Lastly, thanks to the very high precision of the data, the
researchers have been able to calculate the current rate at which space is expanding, which gives the
Universe an estimated age of 13.77 billion years.

However, it is the data relating to the polarization of the CMB that has really boosted cosmologists' ability
to test a number of hypotheses about the Universe, both as regards the physical laws that govern it and
the properties of its constituents (such as neutrinos and dark matter3). In addition, the new catalog of
galaxy clusters has made it possible to refine the cosmological parameters that govern the formation of
structures in the Universe, such as the mass of neutrinos and the epoch of reionization?. Today, this data
provides researchers across the world with a particularly sound basis for exploring the earliest epochs,
shortly after the Big Bang, and especially the phenomenon known as cosmic inflation, which is thought to
have transformed what was probably an initially highly chaotic Universe into a relatively homogeneous
medium peppered with tiny density fluctuations that eventually led to the formation of galaxies.

3 See press release of 01/12/14 'Planck: new revelations on dark matter and relic neutrinos' http://www2.cnrs.fr/presse/communique/3829.htm

4 The primordial Universe was ionized: electrons and protons were not combined. The emission of the CMB corresponds to the formation of atoms: the Universe
became neutral. However, from the study of quasars it is known that today the Universe is ionized, and has been so for over 12 or 13 billion years. Thus between
380,000 and 1 hillion years ago the Universe was reionized.
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Planck takes a look at our Galaxy's magnetism

Caption: Images of the polarization of synchrotron emission (left) and of the emission from interstellar dust
(right). The colors indicate the intensity of the emission. The texture of the image reflects the polarization of the
emission. Where it is regular, it shows the orientation of the magnetic field. Elsewhere, the information shown
on the image is more complex to analyze. The irregular patterns are associated with changes in the direction of
the magnetic field. Credits: ESA/Planck collaboration /M.-A. Miville-Deschénes/CNRS

In our Galaxy, interstellar space is not empty. It contains gas and tiny grains of dust, the matter from which
new stars and their planets are formed throughout the Galaxy. Interstellar dust emits radiation at the
wavelengths observed by the Planck spacecraft. Interstellar space, just like the Earth and the Sun, is
pervaded by a magnetic field. The magnetic field tends to align the grains, which polarizes their radiation.
For the first time, Planck measured this polarization over the whole sky.

The discovery of our Galaxy's magnetism is linked to that of the high-energy particles known as cosmic
rays. Without such a magnetic field, these particles, accelerated by supernovae to speeds close to that of
light, would rapidly escape from the Galaxy. The magnetic force retains them, while the magnetic field itself
is controlled by interstellar matter. Matter, magnetic field and cosmic rays interact with one another,
constituting a dynamic system. Although the important role of the magnetic field in this trio has long been
known, the data available to study it was still too fragmentary. Astrophysicists have long sought to
understand how gravity overcomes the magnetic field to trigger the formation of stars.

The Planck mission has now obtained two completely new maps of the polarization of the sky, one of the
synchrotron emission® of the electrons in cosmic radiation, and the other of the emission from interstellar
dust. The data reveals the structure of the Galactic magnetic field in unprecedented detail. The polarization
of both the synchrotron emission and the emission from the dust indicates the direction of the magnetic
field. Interpreting the observations is tricky, since we only have access to the projection of a structure,
which, by definition, is three-dimensional. The data needs to be compared with models and numerical
simulations in order to understand the interaction between matter and the magnetic field. This work has
already started within the Planck consortium, but there is still a great deal to be done, given the density of
information contained in the data.

5 Synchrotron emission is the radiation emitted by any charged particle in the presence of a magnetic field. Ilts name refers to the particle accelerators where this
radiation is especially intense. The intensity of the radiation depends on the energy of the electrons and the intensity of the magnetic field.
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The principal French laboratories involved in the Planck mission

The following French laboratories were involved in building the HFI instrument and in analyzing its data
(from the raw data to the maps for each frequency), as well as in the astrophysical and cosmological
interpretation of all the data from the Planck mission. The findings are mainly the result of measurements
performed with this instrument, which was assembled under the supervision of the Institut d'Astrophysique
Spatiale (CNRS/Université Paris-Sud) and operated under the supervision of the Institut d’Astrophysique
de Paris (CNRS/UPMC) by various laboratories involving CEA, CNRS and various universities and
institutions:
- APC, AstroParticule et Cosmologie (Université Paris Diderot/CNRS/CEA/Observatoire de Paris), Paris.
- |AP, Institut d'Astrophysique de Paris (CNRS/UPMC), Paris.
- IAS, Institut d'Astrophysique Spatiale (Université Paris-Sud/CNRS), Orsay.
- Institut Néel (CNRS), Grenoble.
- IPAG, Institut de Planétologie et d'Astrophysique de I'Observatoire des Sciences de I'Univers de
Grenoble (CNRS/Université Joseph Fourier), Grenoble.
- IRAP, Institut de Recherche en Astrophysique et Planétologie de ['Observatoire Midi-Pyrénées
(Université Paul Sabatier Toulouse Ill/ CNRS), Toulouse.
- CEA-IRFU, Institut de Recherche sur les Lois Fondamentales de I'Univers du CEA, Saclay.
- LAL, Laboratoire de I'Accélérateur Linéaire (CNRS/Université Paris-Sud), Orsay.
- LERMA, Laboratoire d'Etude du Rayonnement et de la Matiere en Astrophysique (Observatoire de
Paris/CNRS/ENS/Université Cergy-Pontoise/UPMC), Paris.

LPSC, Laboratoire de Physique Subatomique et de Cosmologie (Université Joseph-
Fourier/lCNRS/Grenoble-INP), Grenoble.
- CC-IN2P3, CNRS's National Institute of Nuclear and Particle Physics (IN2P3) Computing Center.

To find out more:

- An article in CNRSleJournal, a video report on the latest findings of the Planck mission.

- The Planck mission's website for the general public: www.planck.fr

- Information about Planck on the CNES website: http://smsc.cnes.fr/PLANCK/Fr/

- Films about the Planck mission: 2013, images de I'Univers en formation, Planck 2014, de nouveaux
résultats and Planck 2014, voir l'invisible, directed by Véronique Kleiner, produced by CNRS Images.
These videos are available from the CNRS visual media library, videotheque-diffusion@cnrs.fr.

- Download frequently asked questions about the Planck mission and its findings here (PDF).
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