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For 40 years, the Cosmic Microwave Background (CMB) has been the most important source of
information about the geometry and contents of the Universe. Even so, only a small fraction of
the information available in the CMB has been extracted to date. Planck, the third space CMB
mission after COBE and WMAP, is designed to extract essentially all of the information in the
CMB temperature anisotropies. Planck will also measure to high accuracy the polarization
of CMB anisotropies, which encodes not only a wealth of cosmological information but also
provides a unique probe of the thermal history of the Universe during the time when the
first stars and galaxies formed. Measurements may also detect the signature of a stochastic
background of gravitational waves generated during inflation, 10−35 s after the Big Bang. This
contribution, based on the scientific programme of Planck 1, describes the expected scientific
cosmological output of the Planck mission and the main instrumental features of the satellite.

1 Expected temperature and polarization power spectra

Planck is designed to be cosmic variance limited across essentially the entire primary microwave
background temperature anisotropy power spectrum. Figure 1 displays the expected tempera-
ture and scalar polarization spectra according to the Planck sensitivity and angular resolution.

1.1 Cosmological interest of high resolution temperature and scalar polarization power spectra

Thanks to a high angular resolution, the Planck temperature angular power spectrum will be
measured up to multipoles of, at least, 2000. It should allow to estimate with a high sensitivity
- at the level of a percent - parameters like the scalar mode spectral index ns and its running.
Evidence for any deviation from a pure scale invariant power spectrum would provide a firm
probe of the dynamics of an inflationary period.

The purpose is not to search for indications of an early inflationary phase, but rather to
study the physics and history of this period. It is equally true for the reionization period : the
objective is not bringing to light this effect but rather to study the details of its history.

The often hidden hypotheses used to link power spectra with cosmological parameters will
be tested to a high level of precision. For example, isocurvature modes introduce significant
degeneracies with other parameters while the assumption of pure adiabatic evolution is usually
done. Thanks to its scalar polarization angular power spectrum combined with its temperature
angular power spectrum, Planck will be able to establish stringent limits on the presence of these
modes which may be produced by multiple scalar fields inflationary models or by fluctuations
of the size of the extra dimensions during inflation.

The detection of a tensor polarization signal would provide a clear signature of a stochastic
background of gravitational waves during inflation. Planck should be able to detect this signal



Figure 1: Angular power spectra of a realization of the concordance ΛCDM model observed with the sensitivity
and angular resolution of Planck for a nominal mission of two surveys for the temperature (top) and scalar

polarization (bottom). From blue book simulations.

if the scalar to tensor ratio is about 0.1 or larger. Nevertheless, Planck should be able to
detect high multipole tensor signals due to gravitational lensing which mixes scalar and tensor
polarizations at small angles.

By comparing predictions from a large series of models and precise measurements, Planck
has the capability to determine most of the cosmological parameters with a resolution better
than a percent with few hypothesis, but also to search for an evidence of new physics.

2 Instrumental challenges

Those cosmological performances are based on high angular resolution pure CMB maps with
≈ no systematic errors. Consequently a number of instrumental challenges must be taken up.

First, the CMB fluctuations amplitude are tiny, while the thermal emission from the satellite
itself is very large. Detecting them “is equivalent to measure the thermal emission from a rabbit
living on the Moon, as seen from the Earth, with a human being close to the detector”(J.-
M. Lamarre communication). Planck dramatically reduces the noise by providing a very low
background emission thanks to low-temperature instruments and state-of-the-art photometric
detectors. Similar sensitivities are achieved for a given map pixel size by the Planck Low
Frequency Instrument in 1 year cooled down to 20 K and by WMAP in 8 years operating
at 90 K. Likewise, similar sensitivities for a given map pixel size by Planck High Frequency
Instrument in 1 year cooled down to 0.1 K (at 143 GHz) and by WMAP in 450 years !

Planck aims at measuring temperature, scalar and tensor signals which differ by several
orders of magnitude. A high redundancy, leading to noise reduction and allowing for excellent
systematic effects monitoring is therefore required at different levels, ranging from the focal
plane geometry to the scanning strategy.

Finally, there are significant additive signals due to foregrounds, in particular from our own
Galaxy. With its two instruments, Planck benefits from a large spectral leverage, between 30
and 857 GHz for an efficient separation of galactic emission, from synchrotron to dust.



Table 1: Estimated instrument performance goals.

Instrument LFI HFI

Center Freq. (GHz) 30 44 70 100 143 217 353 545 857

Detector technology HEMT LNA arrays Bolometer arrays

Detector temperature ≈ 20 K 0.100 K

Cooling requirements H2 sorption cooler
H2 sorption cooler +
4 K J-T stage + dilution cooler

Nb of unpolarized
detectors

0 0 0 0 4 4 4 4 4

Nb of linearly
polarized detectors

4 6 12 8 8 8 8 0 0

Angular resol
(FWHM, arcmin)

33 24 14 9.5 7.1 5 5 5 5

Bandwidth (GHz) 6 8.8 14 33 47 72 116 180 283
Average ∆T/T ∗

I

per pix. (in 10−6)
2.0 2.7 4.7 2.5 2.2 4.8 14.7 147 6700

Average ∆T/T ∗

U,Q

per pix. (in 10−6)
2.8 3.9 6.7 4.0 4.2 9.8 29.8

∗ Pixels size equal to the main beam FWHM.

3 The Planck mission

Planck is an ESA mission and the first European satellite dedicated to CMB studies. It consists
of a 1.5 meter telescope and 2 instruments. The satellite is designed to achieve a sensitivity per
pixel of the size of the beam of 2 10−6∆T/T . The launch on Ariane 5 is scheduled not before
October, the 31st 2008, together with the Herschel satellite.

The optics is designed to allow for an angular resolution better than 5 arcmin on a large
focal plane with a minimal intrinsic polarization. The instruments are LFI (Low frequency In-
strument) and HFI (High Frequency Instrument). Their features are summarized in table 1.
The various calibration campaigns have shown that the detectors fulfill these instrumental re-
quirements.

The LFI technology is similar to the WMAP 2 one except that the HEMT are cooled down
to 20 K by the H2 sorption cooler and that the differential measurements are not done between
two points of the sky but between the sky and the local 4 K reference load.

The HFI technology is based on photometric pixels with bolometers. The set of filters pro-
vides an excellent out-of-band rejection, leading to orders of magnitude attenuation to measure
the foregrounds accurately. The cryogenic system consists of the 20 K stage provided by the H2

sorption cooler, a cryogenic Joule-Thomson 4 K machine and a 3He/4He dilution cooler. The
temperature of the focal plane will be of 0.1 K with a stability of the order of the microKelvin.
It is a new but nevertheless experienced technology as similar detectors, electronics and dilution
were successfully used on board of Archeops. In a 12-hour flight, this balloon-borned experi-
ment covered one third of the sky and provided the first temperature power spectrum linking
the COBE results to the first acoustic peak 3 and the first large-scale polarized measurements
at 353 GHz4.

Planck will operate from the Lagrange L2 point. The satellite will rotate sets of typically
40 to 60 identical grand circles separated by a third of the smallest beam as shown on figure 2.
It leads to a full sky survey in less than 7 months. Bolometers of a same channel are aligned in
the focal plane, allowing easier systematic corrections already at the hour scale.



Figure 2: Artistic view of the Planck scanning strategy - Credits ESA.

4 The Planck results

In addition to the instrumental challenge, computing is also an issue. The 72 detector data
will contain up to ≈ 1010 points in the time stream. The full resolution maps will contain
≈ 5.107 pixels. Hybrid approaches are therefore needed to allow in a reasonable time the most
accurate results reducing the conceptual simplifications to a minimum.

After removal of systematic effects and component separation, the collaboration will release
the calibrated timelines, the maps per frequency and per component and the compact source
catalog. These products will be publicly available 2 years after the end of the nominal mission
(two surveys), i.e. in 2012. An Early Release Compact Source Cataloger will be published in
the year after the end of first survey, allowing source following by the Herschel satellite.

From the Planck frequency maps, many astrophysical topics can be covered in addition
to the CMB physics. For example, cosmology will be done from thousands of galaxy clusters
measured thanks to the Sunyaev-Zeldovich effect. Many extragalactic objects will be identified,
far-infrared background fluctuations should be analyzed and evolution of clusters up to z > 1
should be constrained. The Galactic environment will also benefit from the full sky observations,
allowing for a complete study of the dust and gas distribution in the Milky Way. Dust properties,
clouds and cirrus morphology, but also Galactic magnetic fields, will be inferred from these maps.
Finally, our immediate environment, the Solar system, will be observed in the submillimeter
range, allowing for new studies of planets, measurements of hundreds of asteroids and comets
and constrains on the zodiacal light.
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