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The Planck mission : outline

m==) ¢ Context and objectives
e Design and scientific programme
e Making it happen
e Data reduction
e Early results
e The future
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The Big-Bang
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Penzias et Wilson 1964 (Nobel prize 1978)
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Evolution of initial perturbations
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Evolution of initial perturbations
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1992 : COBE
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From COBE ... to Planck
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Predicted images of the 380,000 yrs old universe
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The CMB power spectrum
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Cosmological parameters
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Main issues

* Sensitivity
— 30 years between detection of the CMB and detection of
first anisotropies (at the level of 10%)

— SOLUTION: Very-sensitive detectors, long observing time

* Foreground emission

— Do we see the primordial CMB, or astrophysical emission
of a different origin?

— SOLUTION: Multifrequency observations

21 April 2011 J. Delabrouille 12
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2001: WMAP
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Spectacular measurement of temperature anisotropies !
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Cosmological parameters

H =704 +1.4
Q, =0.0456 +0.0016

+ Q, =0227 +0.014
Q, =0728 +0.016
Tt  =0.087 +0.014

+ 0, =0.809 +0.024

+ 0.013< 1-n,<0.061 95% CL
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Concordance
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What is left for Planck ?

e (Quitealot!

e Accuracy issues
— The CMB has not been mapped to the best possible accuracy
— Polarisation has not been really measured - just detected
— Cosmological parameters can and should be constrained better

e Model issues
— Dark matter?
— Dark energy?
— Is the general model right?
— Inflation? Is simple model for P(k) OK?
— Admixture of isocurvature perturbations?
— Signatures of e.g. cosmic strings?
— Statistics of the CMB (non-gaussianity, alignments)

e Alot of astrophysics !
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What is left for Planck ?

Quite a lot ! I

Accuracy issues
— The CMB has not been mapped to the best possible accuracy
— Polarisation has not been really measured - just detected
— Cosmological parameters can and should be constrained better

Model issues
— Dark matter?
— Dark energy?
— Is the general model right?
— Inflation? Is simple model for P(k) OK?
— Admixture of isocurvature perturbations?
— Signatures of e.g. cosmic strings?
— Statistics of the CMB (non-gaussianity, alignments)

A lot of astrophysics !

Modified gravity ?
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What is left for Planck ?

e (Quitealot!

e Accuracy issues
— The CMB has not been mapped to the best possible accuracy
— Polarisation has not been really measured - just detected
— Cosmological parameters can and should be constrained better Copi et al., 2005

e Model issues
— Dark matter?
— Dark energy?
— Is the general model right?
— Inflation? Is simple model for P(k) OK?
— Admixture of isocurvature perturbations?
— Signatures of e.g. cosmic strings?
— Statistics of the CMB (non-gaussianity, alignments)

e Alot of astrophysics !
Cruz et al., 2006
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The Planck mission : outline

e Context and objectives

=) e

Design and scientific programme
Making it happen

Data reduction

Early results

e The future
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A third generation satellite

COBE DMR resodution Planck resolanion
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From WMAP to Planck

Personal interpretation of Planck not better Planck much better
N P than WMAP than WMAP
Nyquist's sampling theorem l 1
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F1G 2,13, Forecasts for the £ 1o errors on the temperature-polarization cross-correlation power spectrum (","E
in a ACDM model (with » = 0.1 and ¢ = 0.17) from WMAP (4 vears of observation) sl BOOMERanG2K {Jeft)
and Planck (right). In the left-hand plot, fat band powers are estimated with A€ = 100 for both experiments for
case of comparison, The inset shows the WMAP forecasts on large angular scales with a finer Af resolution. For
Planck, flat band powers are estimated with A¢ = 20 in the main plot, but with Af = 2 in the inset on large scales,
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EE with Planck
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BB with Planck
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Constraints on n,
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Constraints on running of n,
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Increased accuracy
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Galaxy clusters

e Largest collapsed structures
* Number counts dN/dMdz =

* Gas fraction M, /M,,, => — Cosmological parameters (Q,,)
— Cosmological parameters (Q,/Q,.) — Spectrum P(k) (in particular og)
* Angular vs. physical size = e Number counts dN/dQdz =
— Cosmological parameters (H,...) — Geometry D,(z), H(z)

e Sunyaev-Zel'dovich effect (SZ effect)
— Inverse Compton on electrons
— Possible detection at high z
— Good proxy for cluster masses

7

lllllllll lllllllll

143 217 353 GHz
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The multi-component sky

* The sky emits radiation via many different processes :
— Interstellar medium (synchrotron, free-free, dust, modelcular lines...)
— Sunyaev-Zel'dovich effect in galaxy clusters
— Emission from numerous extragalactic sources

* Has always been a problem, from the first measurements of anisotropies!

Solution :

multi-frequency observations
i.e. in colour...

Bennett et al., ApJSS Volume 148, Issue 1, pp.97-117 (2003)
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Antenna Temperature (uK, rms)

Multifrequency observations with WMAP
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Multifrequency observations with Planck

30 44 70 100 143 217 353 545 857
min zero max
T T sz H sz Sz
N
B 5
Ny
= B . _
N

g 100:\ D [ CMB Anisot'opy
X R ! N —— :
= Y
= N \"o "1 \7<><
o . AN L °lS Z .
= I N SONSORr e X oV I
= \5‘ °4\\'2’//r = N y
a '/ B
£ = \ B3 / .
£ 10 = 5 \
— i / i
o .
c -
& : -
=
<

1 = L 1 3 L 1 1 | T | | ]

20 40 60 80 100 200

Frequency (GHz) N— —_— —
53 40 31 21 13 arcminute resolution
33 24 14 10 7.1 5 arcminute resolution
21 /30imai 2011 J. Deldbrouille 32




The Planck design

* The "ultimate" measurement of CMB temperature

— Down to the "smallest CMB scales" (5 arcminutes)
= Large telescope (1.5 m projected diameter)
= Some channels at small wavelengths (6 = A/D)

— Sensitivity (fraction of a uK per square degree)
= Not limited by instrumental noise
= In some channels, photon noise dominates
=¥ Cryogenic mission (100 mK bolometers, 20K radiometers)
= Intrinsic limitations due to foreground emissions

— Full sky survey at 9 frequencies from 30 to 850 GHz
= Identify unambiguously CMB by its spectral emission law
=¥ Subtract foreground contamination to Planck accuracy (!)
=» Two instruments LFl (radiometers) and HFI (bolometers)

* Avery good measurement of CMB polarisation

21 April 2011 J. Delabrouille
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The Planck mission : outline

e Context and objectives

e Design and scientific programme
== ¢ \Vaking it happen

e Data reduction

e Early results

e The future
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Planck fact sheet - 1

52 bolometers (HFI) et 22 radiometers (LFI)

* Off-axis Gregorian telescope: primary 1.5m, secondary 1m, main
axis pointing at 85 degrees away from the spin axis

* Cryogenic mission:
— warm launch
— passive cooling of the telescope
— complex cryogenic chain
— 2 cryo-coolers ( 20 and 4 K)

— open-cycle dilution ;He-,He fridge fo 1.6K and 0.1K (48.000 litres of
Helium)

 2kW power
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Planck HFI and global view
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Planck scanning the sky
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Planck fact sheet - 2

* 1900 kg at take-off
— (Ariane 5, 14 may 2009)

* Small halo orbit
— around Lagrange point L2

* Scanningat1rpm

* 4 complete maps of the continuum sky at 9 frequencies:
30-850 GHz (1 cm - 350 microns)

e Telemetry: 100 kbit/s (3 hours download per day), 2 TBytes
per year
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14th May 2009 !




En route to L2
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Planck cooling down
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Planck fact sheet - 3

 Made by

— Agencies: ESA, CNES, ASI, NASA
— Industry: Thales-Alenia Space, Air Liquide

— Research and higher education: CNRS, CEA, universities, 13 labs

e The scientists

— 29 laboratories, 300-600 scientists

e Cost

— About 650 M€ total (mission + instruments)

— 450 M€ ESA

cost (M mission)

— HFl instrument: 150 M€, (56% France)

21 April 2011
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The Planck mission : outline

e Context and objectives
e Design and scientific programme
e Making it happen
==) ¢ Data reduction
e Early results
e The future
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The processing pipeline so far

Create raw database
* Intespolate saelite amude
* Raw holometer data
* Housekeeping

:

LEVEL 1

v

TOI processing
« Demnodulason, low-pass fiter
* Degiaching, fagging
» Gan noclinearty correction <
« Thermal decorrelason
= 4K cooler ine removal
» Deconvolve ransfer functions

« Photomewic calbration (dipoie
and FIRAS)

* Form Healpx nngs

* Destriping otisets

» Gathaer nngs inito maps

LEVEL 2

Update TOI processing

Frequency maps, dfference
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Timeline processing

LEVEL 1

v

LEVEL 2

LEVEL 3

Create raw database
* Interpolate samelite amnude
* Raw holometer data
* Housekeeping

:

TOI processing
« Demnodulason, low-pass fiter
* Degiaching, fagging
» Gan noclinearty correction ”
« Thermal decorrelason
= 4K cooler ine removal
» Deconvolve ransfer functions

* Photomewric calbraton (dipoie

* Form Healpx nngs
* Destriping offsets
» Gathar nngs Inio maps

and FIRAS)

Update TOI processing

Frequency maps, dfference
maps, Healpix rings

P A—

CMEB subtraction
* Galaxy and pont SOUrce mask * SOUCce delecson, extracion algorhms
* Generate neediet ILC map mc:mm“ssmem
* Subtract ILC from Yequency maps

Early Release Compact
Sowrce Catadog
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Raw timelines

HF1 Core Tean: HF1 Data Procesong

143-5

Glitch due to

cosmic ray hit

545-2

blind

0 50 100 150 400

fivvier (o)

Figure 4. Raw TOls for theee bolometers, the " 1433 (1op), "S48.2" (middie), end "Dark 1’ (botom) Ulustrating the typecal behavour
of 3 Setecsor at 143 GHae, 545 GHz, and a bind detector ongr the course of #ree rotations of e spacecraft ot | rpes. At 143 GHz, one
cearly sees e COMB dipole with 3 60s penod. The 133 and S35GHz bolometers show vivadly the two Galactic Plane crossings,
also with 60 s penodicxy. The dark bolomeser exhibits a nearly constant baseline wogether with a population of glisches from cosmic
ravs simmalar o those seen in the two upper panels,
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Component separation

~—
Create raw database

I-u‘ * Intespolate saelile amoude
a * Raw bolometer data
=3 * Housekeeping
> TOI processing

« Demnodulason, low-pass fiter

* Degiaching, fagging

» Gan noclinearty correction "

« Thermal decorrelason

= 4K cooler ne removal

» Deconvolve ransfer functions
~N g
= | « Photometric calbraton (dipole = a
g and FIRAS) Focal plane geomeuy §
3 * Form Healplx rings ma'_ p' m"‘ 'ms

* Destriping ofisets » Transfer lunctions
» Gathar nings Into maps el
Frequency maps, dfference
maps, Healpix rings
CMB subtraction
* Galaxy and pont SOUrce mask * SOurce detecton, extracion algorithms
™ * Generate neediet ILC map mcmoany“ment
fu" * Subtract ILC from Sequency maps
>
-
Early Release Compact
Sowrce Catadog
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Component separation (on WMAP)

Maps are not stationary.
They are not all at the same resolution.

<

Construction of linear filters that depend both on
pixel and scale (ILC on needlet frames)
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CMB and foreground emission

Original map

WMAP K band at 23 GHz dominated by galactic synchrotron

In a given pixel:
- CMB?
- galactic ISM?
- radio source ?
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CMB and foreground emission

Original map

CMB
subtraction

Map with no CMB
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Delabrouille, Cardoso, Le Jeune et al., 2009, A&A 493, 835
Ghosh, Delabrouille, Remazeilles et al., 2011, MNRAS, 412, 883

2P Estimated CMB
v

v Map after
A ~ . | Additional filtering
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The CMB

5 year needlet ILC map

~0.50 e om0 50 mK CMB
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Maps after subtraction of the CMB

Planck all-sky foreground maps
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The Planck mission : outline

=) °

Context and objectives

Design and scientific programme
Making it happen

Data reduction

Early results

e The future
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(<) ESA, HFI and LFI consortia, July 2010




The Planck one-year all-sky suruey esa (<) ESA, HFT and LFT consortia, July 2010




Early papers

* Mission, performance, data processing 6 papers

* Clusters of galaxies 5 papers
— Catalogue of clusters detected by Planck
— Scaling relations between SZ, X-ray, and optical observables

* Point sources and infrared background 6 papers
— ERCSC
— Spectrum of background anisotropies

* Galactic science 8 papers
— Cold cores and clumps
— Thermal dust emission
— Spinning dust emission

25 publications submitted early January 2011 to A&A (preprints available on arXiv)
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Astronomy & Astrophysics manuscript no. Planck2011-1.1 © ESO 2011
January 12, 2011

Planck Early Results: The Planck mission
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15,000 sources with fluxes > 200-600 mly
The E RCSC Catalogue made public (follow-up with Herschel)

Planck Early Release Compact Source Catalogue




Planck Early Release Compact Source Catalogue

Extragalactic sources




Planck Early Release Compact Source Catalogue
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Galaxy clusters

COMA cluster

Planck

Optical (Hubble)

X-ray
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Panck Colbomean: The Monck di-sky Barly SimyaewZoidovich clusar sampils

catalogue

e 199 clusters detected by Planck
* Most of them ROSAT clusters
* 30 new clusters (20 in ESZ)

Known
Confirmed XMM, AMI
Not yet confirmed

* Many more to come

Fig. 6, Hlswirations of reconstracted ymaps (1,5% x 1.5°, smoothed 10 13 arcmin) for clusters spanning SN from 29 10 6 froe the
wpper left 1o e lower right,
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Two superclusters discovered with Planck
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Spinning dust

Model
Ancillary data
WMAP
Planck
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Fig. 4. Spectrum of G160.26-18.62 in the Perseus molecular cloud. The best-fitting model
consisting of free-free, spinning dust, and thermal dust is shown. The spinning dust model
consists of two components: high density molecular gas (dot-dashed line) and low density
atomic gas (dotted line).
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Cosmic Infrared Background Anisotropies

Bootes 2
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Cosmic Infrared Background Anisotropies
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The Planck mission : outline

Context and objectives

Design and scientific programme
Making it happen

Data reduction

Early results

m=) o The future
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Calendar

Now
2007 2008 2009 2010 2011 2012 2013
T AL A A T < T A
Launch ERCSC delivery Intermediate
+ Early papers papers
Transfer
PV phase
Survey 1

Survey 2

Proprietary period

1st data release
Data products :

- ERCSC (early release compact source catalog) for early follow-up (e.g. with Herschel)
- Clean, calibrated timelines

- Maps per frequency band (temperature and polarisation)

- Maps of components (CMB, synchrotron, free-free, dust, SZ effect, ...)

- Final compact source catalogs (radiosources, IR galaxies, galactic sources, SZ clusters)
- CMB power spectra
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COrE

e Extremely-precise measurement of
temperature and polarisation of the sky at
millimetre wavelengths

— 30 times more sensitive than Planck
— 15 frequency bands

 Measure of B-modes of CMB polarisation

* Very broad scientific programme

*  WWW.Core-mission.org

Cosmic Origins Explorer

A satellite mission for probing cosmic
origins, neutrino masses and the origin of
stars and magnetic fields through a high
sensitivity survey of the microwave
polarization of the entire sky
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Comparison with Planck
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Thank you for your attention !



