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Brightness Temperature

Planck — 3" generation of CMB space mission
Primary goals — CMB temperature anisotropies to fundamental
limits down to 4 arcmin & CMB polarisation

«Need to separate CMB from foreground emissions
« Must observe the sky over many frequencies — A lot of astrophysics
and ancillary science (subject of Planck early results)
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+ DBack-to-back 4K horns

o LEK fiters

Planck required sensitivity — Technological
performances never achieved in space before _ ¥
In particular, flying: RN e
« Sensitive and fast bolometers — Cooling at X i
100mK
« Complex cryogenic cooling chain: 50K (passive)
+20K+4K+1.6K+0.1K (active)
« 100mK helium 3 & 4 dilution cooler
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1.5 million km in 45 days — L2 July 2"
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Very stable continuously scanning the sky
since August 2009

Nominal mission (14 months, 2 surveys)
achieved November 2010

Extended cryogenic mission (30 months, 5

Planck and Herschel launched on ’
May 14t 2009, Kourou Fr. Guyana surveys) achieved ~January 2012



Early results from Planck

- (Details in arXiv1101.2041)
Early results & first product from 10 months Planck Early Release Compact Source Catalogue

of observation (~4 months analysis) — 20
science articles (sensitivity ~0.5 pK.deg twice
better than requirements @100-217 GHz)|

« Planck first product: Early Release
Compact Source Catalogue available

fromi
. First all-sky catalogue 100 to 900GHz
(simultaneous radio through sub-mm all-sky

survey)
«IR-luminous galaxies . Features in ISM (flag extended)

«Radio galaxies « Cold cores/clumps

~15000 sources: 9
frequency lists + 2 multi-

channel lists (Cold cores
& SZ clusters)

Extragalactic sources Galactic sources



Early results from Planck

« CIB, cumulative emission of dusty
galaxies (cosmic star formation)

CIB measured in 6 high latitude fields
(low dust contamination) — sub-degree
structure correlated over freq., dominant
over white noise agrees with BLAST, SPT]

CIB anisotropies in Planck — forming galaxies @z~2-3 (details in arXiv1101.2028)

Galactic cold cores — Large numbers of cold compact objects: prospect for the
study of the star formation

Confirmation of anomalous emission — Spinning dust most plausible, “New”
regions of anomalous emission

All-sky temperature and dust optical depth from Planck and IRAS —
Emission from diffuse molecular hydrogen, “dark gas”



The Sunyaev-Zel'dovich (SZ) effect

Galaxy cluster = galaxies + hot gas

CMB photon
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Planck's uniqueness for SZ detection
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44 GHz

— Planck, designed from the start to
measure SZ _
. All-sky survey .
. Frequency range from 30 to 857 GHz ok
. Blind and simultaneous measurement of
“positive” and “negative” SZ effect

Freauency



SZ detection in Planck
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Typical clusters — 1-2 sigma in
individual cleaned frequency maps

A2065. SIN=8.36

Adapted extraction technique — Matched Multi- ...~~~
Filter (Melin et al. 2006):
« KNnown spectrum — non-relativistic SZ
«known cluster shape — Generalised NFW pressure
profile (Arnaud et al. 2010)

Normalised Intensity

SZ signal enhanced over other components

Validation — Planck internal criteria, use of ancillary 2 N —

(o) 200 420 600 800 10002
data and fO”OW'Up Observation for Confirmation Average Spectrum ocl,er t>;'|e ESZ clusters

Early SZ sample — High reliability = SIN>6 & purity >98%
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SZ Plank clusters
199 In total including 30 new
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Illustration: M. Douspis




The all-sky Early SZ (ESZ) cluster

sample

ESZ sample = 189 candidates (S/N>6 & |b| >14deg)
« 169 identified with known clusters
20 candidate new clusters (18 confirmed to date,
including 6 by SPT & AMI independently from Planck
collaboration)

Further 10 new clusters (S/N <6)

redshift

«First all-sky SZ sample of clusters

.Largest homogeneous sample of SZ clusters with
moderate redshifts (86% with z<0.3) & First SZ
measure for ~80% of the known clusters

.Largest SZ sample of massive clusters detected
blindly (up to 1.5%x10" M__,). Includes 90% of RASS
massive clusters (20% new clusters are massive)
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Preview of Planck cluster properties
from XMM-Newton

» 21 of 30 cluster candidates confirmed with XMM-Newton DDT snapshots
* Most Planck new clusters have disturbed morphologies

GMRT 150Mhz.
Bagchi etal. '11

REXCESS gallery (Pratt et al. 2009, ~ Planck new cluster X-ray gallery
Boehringer et a. 2010) (Planck collaboration arXiv:1101.2025



Preview of properties of new Planck
clusters from XMM-Newton

107E
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E(2)* n,

1073 =

10+ REXCESSM>5X 10" M,
- XMM-Planck validation

Multiple systems: double, triple systems 3
— First super-clusters in SZ7 L

« Density profiles of Planck new clusters
shallower than X-ray clusters of similar
masses REXCESS or EXCPRES)

« X-ray under-luminous for their masses



ESZ sample vs other surveys

All new Planck clusters red/orange

Planck ESZ clusters (black & que)}
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Planck's preview of the
cluster properties: SZ, optical, X-rays

X-rays: Statistical analysis of ~1600 X- Optical: Statistical analysisof
ray clusters, with homogeneised data ~13000 MaxBCG clusters from
(Piffaretti et al. 2010) SDSS (Koester et al. 2007)

SZ signal measured in Planck at cluster positions (& binned)

SZ signal Y_, predicted from X-ray and optical relations
(Details in arXv1101.2027, 1101.2043)

Y_, from X-rays — gas pressure Y, from weak-lensing — calibrated
profile (Amaud et al. 2010) + scaling N,o0-Ms,, relation (e.g. Rozo et al.
relations 2009) + gas pressure profile &

scaling relations

Minimise systematics — consistent
approach for (i) SZ extraction & X-ray
predictions and (ii) for homogeneisation



Planck's preview of the
cluster properties

Optical and X-ray statistical studies — SZ signal measured in Planck down
to~5.10"M_,

« SZ measure from Planck & X-ray

L 10000 E — —:
luminosities agree down to lowest ro0ok 1/ 1
luminosity b_ln_s > 100f z
« No SZ deficit (Details in arXiv1101.2043) oF NI
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« Unique all-sky SZ sample of 199 SZ clusters (~4 times present SZ samples) —
Largest set of SZ massive clusters at z<0.5

« Most of the new Planck clusters are dynamically perturbed

« Converging X-ray and SZ views of the ICM

« Tension between SZ signal and predictions from

optical richness

9| XMM-Newton PLCK G266.6-27.3

1o

Early results =
high reliability
— High S/N

redshift

At lower S/N
— Beyond ESZ
detection limit
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Conclusion

» Planck in routine mode since August 2009, with HFI exceeding requirements
~ Nominal mission 14 months achieved November 2010

. End of extended cryogenic mission ~January 2012 (sensitivity ~0.33 uK.deg)
. First cosmological results and nominal mission data (catalogues &
maps) to be released beginning 2013

LFI 30 GHz LFI k& GHz

HFI 353 GH2 HFI 545 GHz



