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The Mission Makers

ESA
Thales Alenia Space, Air liquide
CNES & CNRS (HFI)
ASI (LFI)
NASA
CEA, Universities
13 laboratories (5 in France) in Europe  & North 
America

www.planck.fr
www.rssd.esa.int/index.php?project=PLANCK&pag

e=index
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The Planckian People



F.-Xavier Désert     APC                  15 March 2011 p. 4/60

The Scientists
29 laboratories

Jan 2011: 25 papers submitted to an A&A special issue
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Third generation satellite for the 3K CMB measurement, after COBE 
and WMAP
1900 kg at take-off (Ariane 5, 14 may 2009), small halo orbit around 
Lagrange point L2
Off-axis Gregorian telescope: primary 1.5m, secondary 1m, main axis 
pointing at 85 degrees away from the spin axis.
2kW, Telemetry: 100kbit/s (3 hours download per day), 2TeraBytes 
per year
Warm launch, passive cooling and complex cryogenic chain, with 2 
cryo coolers ( 20 and 4 K), open-cycle dilution 1.6, 0.1K (48.000 litres 
of Helium)
52 bolometers (HFI) et 22 radiometers (LFI)
>4 complete maps of the continuum sky at 9 frequencies: 30-900 GHz 
(1cm-0.33mm). Scanning at 1rpm.
600 scientists, 650 MEuros, 1991-2009, M-class ESA project (450 
MEuros for ESA)
HFI= 150 MEuros of which 56% France : CNES+CNRS

Planck in a nutshell
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The short marriage

Herschel

Planck

Sylda: Système de Lancement Double sur Ariane
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Planck launch 14 May 2009
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Launch (14 May 2009)
Ariane 5 ECA from Kourou, Guyanna
28th success, 44th launch
6 tons payload (inc. Sylda+ACU)

780 tons at H0
13 MNewton at takeoff
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- After 1 day: 220 000 km, 2 days: 340 000 km
- HFI turned on for 2 days, after 5h, cryogenic 
opérations: cernox, dilution et 4K
- Commissionning: 48 days 

Non-contamination (170 K): 15 days
Passive cooling and

Cryogenics (reach L2 and 100mK): 33 days
- Calibration phase: 40 days
- 1st survey L+3 months (August 2009)
- One survey every 6 months

Cruise to L2
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Missions to L2
WMAP
Planck
Herschel
GAIA
JWST
Euclid?
SPICA?
Darwin?

À L1:
Soho, ACE
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Spin axis / AntiSolar <~ 10 deg.
Spin axis / Earth <~ 15 deg.

Lagrange points were 
discovered by
Euler (3 coaligned ones) 
in 1750.
Lagrange established 
the 5 solutions.
The equilibrium point 
is unstable 
(23 days timescale).
Halo orbits and 
Lissajous orbits are stable.

Earth

km

Sun
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Optics
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The time machine
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T0 = 2.725 ± 0.001 K (COBE

ΔT~100 μK (WMAP)
• Measure cosmological parameters
• Initial conditions leading to the formation of galaxies
• Constraints on the primordial universe and particle physics

Map of the temperature fluctuations of the 3K CMB measured by WMAP. The tiny fluctuations are
shown on an all sky Mollweide projection. Peak-to-peak variations of  0.02 % with respect to the
mean temperature of  2.725 Kelvin. (NASA and WMAP Collaboration)
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Ωtot = 0.99 ± 0.02    
ΩΛ = 0.75 ± 0.04

+SNLS

w = -0.98 ± 0.08
Ωm = 0.24 ± 0.02
Ωb = 0.042 ± 0.002

ns = 0.95 ± 0.02
τ = 0.09 ± 0.03

h = 0.73 ± 0.03

σ8 = 0.75±0.05

Hinshaw et al, 2006, astroph/0603451

WMAP + ACBAR + CBI +  2dF + Lyα
Spergel et al, 2006, astroph/0603449

WMAP 3 years TT & TE, χ²/dof=1.04

Scale (multipole l)
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Cosmological parameters
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Parameter constraints

Larson et al. WMAP7yr 2010

H0 & BAO         
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Concordance model

Dv = BAO constraint
Credits: Percival et coll., MNRAS, 
2009, arXiv0907.1660
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Our Strange Universe
Cosmic Camembert

Dark Energy
Dark Matter
Atoms
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Planck: Bolometers near the 3K CMB
photon noise limit
In temperature, 
limited by cosmic variance 
(one sample of Universe) 

Planck: towards precision

BlueBook
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BlueBook

Planck: towards angular resolution
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BlueBook

Planck: towards polarization
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Planck: towards our Universe
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The cryogenic chain
Sat + 20K + 4K + Dil + LFI + HFI

Incidents:4K, CR, Scanning,Transponder
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Planck cooldown
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Planck HFI data flow chart
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Cosmic ray interaction
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100 143

217 353

545 857
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Planck HFI in-flight sensitivity
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Comparison with Blue Book
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Comparison Blue Book / WMAP
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ESA, Planck HFI & LFI consortia, and Axel Mellinger 

Planck first light

Comparison with a sky photo in the visible
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Outside the galactic plane

10x10 degrees2
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Spectrum of Interstellar Dust

IRAS DIRBE      HFI         WMAP LFI
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Dust temperature

TD changes
because emissivity changes
not because 
the radiation field changes
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Filaments by Herschel

SPIRE 250micron
Polaris Flare
Miville-Deschênes et al 
2010, AA, 518, L104
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Global Emission of the Milky Way

857 GHz
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30 GHz
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Spinning Dust?

Atomic

Molecular
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First public Planck data

15000 sources. >200-600 mJy (10 sigma), +ECC, ESZ 
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Sunyaev-Zel’dovich effect

A2319

Compton parameter: y ~ N T
Y=integral (y dOmega) ~ Mg T ~ M5/3
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Coma Cluster of galaxies

Coma

Planck (color) & XMM (contours)HST - Visible
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199 clusters detected by Planck

199 robust detections
30 new clusters
Most are Rosat clusters
first SZ detection
z<0.7
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Follow-up by XMM-Newton

21/25 success
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2 super clusters
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No missing hot baryons

Compare SZ with X-ray expectations

Right: XMM follow-up

1882 X-ray selected clusters 
with homogenised L500, z

MXCX (Piffaretti et al 2010)

Extraction and binning of Planck signal 
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The Cosmic Infrared Background

25 nW/m2/sr (CMB is 960)
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The CIB anisotropies
217 353 545 857

CIB Anistropy=15% CIB
0.02% for CMB
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CIB comparison

SPTBLAST
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Planck Goals
Best precision on cosmological parameters
Set the initial conditions for the large-scale 
structure formation
Test the inflationary Big Bang paradigm with B 
modes
Measure gravitational lensing and Non-
Gaussianities
Catalog of thousands of clusters of galaxies and 
CIB measurement
Catalog of 10 000 clumps at the initial star 
forming stage
Legacy: The (sub)millimetre and radio sky
Serendipity! Rare objects
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Agenda

14 may 2009  : launch
13 aout 2009 : start first survey (6 months= 95%)
13 february 2010: 2nd survey
27 november 2010: end of nominal mission
Jan 2011: Early Release Compact Source Cat.
Feb 2011: 3rd survey finished
Jan 2012: end of HFI lifetime (about 5 surveys)
End 2012: Cosmological results on nominal 
mission
Jan 2013: Nominal mission data made public
~Jan 2014: Whole dataset public + final papers
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The end
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Additional Slides
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WMAP / Planck
Couverture du ciel Complète Complète

Système optique

85°

Vitesse de rotation 0.5 tour/minute 1 tour/minute
Modulation par précession 0.3 mHz précession Non
Détection HEMT 90K HEMT 20K Bolomètres 0.1K
Polarisation (I, Q, U) Oui Oui Oui sauf 545/857GHz

Principe de détection

Étalonnage primaire Dipôle CMB Dipole CMB
Mesure du lobe Jupiter Planètes (Mars, Jupiter, Saturne, Uranus, Neptune)

Refroidissement Passif

Contrôle d'attitude
Puissance 419 W 2000-1800 W
Masse 840 kg 1900 kg
Lancement Delta II 30 Juin 2001 Ariane 5 ECA (avec HSO) 14 mai 2009
Trajectoire 3 boucles avec la lune 3 mois Direct vers L2, 45 jours
Durée requise 3 mois+2 ans 3 mois + 14 mois

2 télescopes dos-à-dos
1.4x1.6m Grégorien 90K

1 télescope de 1.5x1.8m
Grégorien 50K

Angle de balayage
Par rapport à l'axe de rotation ±70°

Ciel/Ciel pseudo
Corrélation différentielle

Ciel/Référence 4K
différentielle

Modulation carrée
Alternative

Passif + H2 J-T (20K) + He J-T (4K)

He3+He4 J-T(1.6K) + 
He3/He4 open cycle dilution (0.1K)

Contrôle 3-axes, 3 roues, gyros
Senseur Stellaire et Solaire, 

Contrôle par rotation, 
Thrusters et Senseur Stellaire et Solaire, 
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WMAP basics
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