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Planck Goals in perspective

PLANCK LFI HFI

(“Blue Book”, twice better than requirements)

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

Angular resolution  
(FWHM arcmin)

33 24 14 10 7.1 5.0 5.0 5 5

Sensitivity in I [μK deg] Sensitivity in I [μK.deg] 
[σpix Ωpix

1/2] 3.0 3.0 3.0 1.1 0,7 1.1 3.3 33 3.0

WMAP 2 41 61 94
The aggregated sensitivity of 
Planck core CMB channels is 
~0.5μK.deg in T

WMAP Center Freq. 23 33 41 61 94

Angular resolution 
(FWHM arcmin)

49 37 29 20 12,6

Sensitivity in I 12 6 12 9 13 3 15 6 15 0 μ g
(nominal mission – 14months)

Sensitivity in I 
[μK.deg], 1 yr (8 yr)

12.6
(4.5)

12.9
(4.6)

13.3
(4.7)

15.6
(5.5)

15.0
(5.3)

NB: Anticipated survey duration is now ~30 months, so final sensitivity ~0.33 μK.deg in T
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NB: Anticipated survey duration is now 30 months, so final sensitivity 0.33 μK.deg in T
(approx 1000 years of WMAP 60+90GHz aggregated sensitivity of 10.8 μK.deg in1yr)  
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Tension subsides…
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Picture by Ganga



Trajectory of Planck from launch until 6 June 2010
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4th Press Release (05/07/2010)
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Overall

¾ Instrument very stable, continuously mapping the sky, with 
essentially no hiccups from the beginning of the first light 
survey on the 13th August 2009, till today. 

¾ Ground (good)expectations on sensitivities confirmed in flight
¾ Surprise of Glitch rate!

¾ The data acquired till June 7th, ie the nearly ten months of 
survey data provide complete coverage of the sky by all 
detectors (by roughly 3 days more than the minimum ( y g y y
duration needed), 
– but only limited redundancy. Indeed the overlap between the two 

consecutive six‐month surveys is only about 60%.

¾ DX4 was released on July 17th 2010 to LFI & ERCSC team,  
DR2 (CMB‐removed) to all Planck collaboration on 08/02, 
h t i ti ti d till tlcharacterisation continued till very recently.
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Cumulated integration time
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HFI Data Processing Centre flow

IAP cellar
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L1 statistics

¾ L1 received 4 x108 telemetry packets: 
– 29%, 6% and 4% for the housekeeping of respectively the 

satellite, the Sorption Cooler System and HFI (25 425 HK parssatellite, the Sorption Cooler System and HFI (25 425 HK pars 
followed out of 63 100) and 

– 61% for HFI science data. Only 20 packets lost from L2.

¾ 4 7 x 109 time samples for 72 detectors i e 334 x 109¾ 4.7 x 109 time samples for 72 detectors, i.e. 334 x 109
detector samples from the first 295 days of survey

¾ Decompress, QLA and update/append Time Ordered 
Information objects (TOIs) in reference database.

¾ Attitude History File of the Satellite quaternion pointings
at 8Hz linearly interpolated daily at Time of Sample ofat 8Hz linearly interpolated daily at Time‐of‐Sample of 
the bolometers and stored for later On‐the‐fly 
generation of any pointing using the Focal Plane 
GGeometry. 
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Raw Detector TOI (Time Ordered Information)

3 minutes of quasi ‘raw” data (i.e. only demodulated).The Solar (cosmological) dipole is clearly 
visible at 145GHz with a 60 seconds period (the satellite rotates at 1 rpm), while the Galactic 
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p ( p )
plane crossings (2 per rotation) are more visible  at 545 GHz than at 143 GHz. The Dark 
bolometer sees no sky signal, but displays a similar population of glitches from cosmic rays. 
. 



“Glitchology” (1/2)
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Glitches are induced by Cosmic Rays, at a rate ~ 80/minute 



Et voila!
(skipping 12 summary slides of TOI processing...)

(Deglitching, T decor., nonlin corr., 4Klines, TD deconv., RTS)
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Scanning Mars

PSB a/b
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½ difference maps

One can build 2 maps at each frequency out of the first or the second half of the data acquired during 
each stable pointing period of 40mn
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each stable pointing period of ~40mn.  
In forming half difference maps, slowly varying effect on 20mn tiescale are subtracted. But it does 
provide a good view of the high frequency residuals. 



½ difference maps spectra
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The C(l) of the ½ difference maps offer a synthetic view on the map residuals, at least at small scales.
Dashes are for a 40% masked sky. cWN is computed from the mean level between  l=100 and l=1000



Cwn versus BB values

1000,0

10000,0

10,0

100,0
BB renorm

cwn

[μK degree] by duration

0,1

1,0

100 143 217 353 545 857

The combination of residual excess low frequency noise and better than the goals NETs 
leads to current maps whose high frequency noise is rather close to goal values ☺
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CMB removal (DX4Æ DR2)
In common with LFI, we compared 6 methods and  picked a Needlet based ILC, masking very little of the data. 

f f ½ ff
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The same operations performed on the channel maps were performed on the ½ difference 
maps, offering a view on the residual in the CMB template removed from the maps (σ=11μK). 



The HFI foregrounds sky

100 GHz 217 GHz143GHz

353 GHz 857 GHz545 GHz

Séminaire du campus parisien IAP/Observatoire, 28 Jan 2011F. R. Bouchet: "The CMB foregrounds according to Planck" 22



The Planck Foregrounds sky
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The Planck Foregrounds sky
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The Planck Foregrounds sky
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The Planck Foregrounds sky
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THE ERCSC Pipeline

>90% reliability all sky 90% e ab ty a s y

Séminaire du campus parisien IAP/Observatoire, 28 Jan 2011F. R. Bouchet: "The CMB foregrounds according to Planck" 28



ERCSC 
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An ERCSC Gallery
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ERCSC columns
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ERCSC characteristics

b : Flux density of the median > 10 sigma at b> 30deg 
(sig = photometric uncertainty of the source)
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c : Flux density of the faintest > 10 sigma at b> 30deg 
d : faintest source at b> 30deg 



ERCSC sensitivity

- - - - - - - - -
PlanckPlanck 
Galactic 
Plane 
|b|<10 deg 

__________

Planck 
Extragalactic
|b|>30 deg 
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Planck finds WMAP sources
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And some more...
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Quasar matches and position offsets

±10’

NB: similar 
at 353GHz. 
Numbers
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Numbers
too small 
at higher ν



Spectral index between 2 ν

Obviously y
many 
relatively flat 
spectrum 
radioradio-
sources, 
visible till 
217GHz
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Euclidean normalized differential number counts

V di ti b th d Z tti t l (2005) d lVersus predictions by the de Zotti et al. (2005) model

Waldram 07

SPT+ACT

LFI: red circles with Poisson error bars show the counts of HFI: the blue diamonds show the counts obtained after

SPT

LFI: red circles with Poisson error bars show the counts of 
sources with counterparts in our reference 30GHz sample 
(completeness till ~1Jy, purple)

HFI: the blue diamonds show the counts obtained after 
removing sources with 143–217GHz spectral index 
indicative of dust emission.

The de Zotti et al. (2005) model over-predicts the bright counts by a factor of about 2 at 143GHz and about 
2 6 at 217GHz while it is consistent with the fainter SPT (Vieira et al 2010) and ACT (Marriage et al
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2.6 at 217GHz, while it is consistent with the fainter SPT (Vieira et al. 2010) and ACT (Marriage et al. 
2010) counts. The discrepancy between the model and our current data is due to a steepening of the 
spectra of ERCSC sources above about 70GHz



Spectral steepening above 70GHz
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Spectral index distributions for different frequency interval calculated by taking into account all 
sources selected at 30GHz with S > 1 Jy. There is clear evidence for a steepening above 70GHz.
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The Sunyaev‐Zeldovich effect
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Coma y map versus X‐ray contours
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Early SZ (ESZ) catalogue

¾ ~1000 objects in blind search
¾ Culled to 199 robust objects

¾ The very first all‐sky sample¾ The very first all sky sample, 
includes 199 clusters, 30 are new
The largest cluster sample 
observed in the microwaves 

¾ Z < 0.6
¾ Large fraction are X‐ray confirmed
¾ 1st detection of SZ effect in 

j it ROSAT l tmajority o ROSAT clusters

¾ Unique capability of  detecting 
the rarest and most massive 
clusters 

¾ See PC 2011d, e, f, g, hg
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THE ERCSC

¾ The Early Release Compact Source Catalog (ERCSC) is an early, 
>90% reliability catalog based on 1.6 sky coverages

¾ Produced and released with a rapid turnaround (<9 months)
¾ Consists of 9 single frequency catalogs as well as 

bandfilled217‐857 GHz entries for each 857 GHz source
¾ Includes the Early Cold Cores (ECC) and Early SZ‐cluster (ESZ) y ( ) y ( )

catalogs
¾ More than 15 000 unique sources including stars with dust 

shells, cold molecular cloud cores, radio galaxies, blazars, g
infrared luminous galaxies, Galactic ISM features, SZ clusters
– Beware of CO contamination for Galactic sources at 100 GHz

¾ Available from ESA Planck Legacy Archive and NASA’s Infrared 
Science Archive (IRSA) starting Jan 11, 2011

¾ Interesting astrophysics is evident in the ERCSC
¾ Ripe for follow‐up with Herschel, SOFIA, ALMA, VLA etc.p p , , ,
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The Planck SZ sky
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“Raw” versus cleaned @ various S/N
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XMM‐Newton follow‐up / validation

Planck → Discovery of candidate new clusters

XMM-Newton observations → Confirmation of 21
candidates as new clusters with low luminosities and
disturbed morphologies.

Planck may be revealing a population of massive
dynamically perturbed objects, under-represented in
X-ray surveys.

PLCK G214.6+36.9
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The first super cluster discovered through SZ effect
zopt=0.45/0.46±0.02/0.45; zX=0.45 (A) A:kT ~3.6 keV θ500=2.2’



Consistency and more

¾ X and Y probe the same component (the hot gas), but differently

¾ X: Ex  ∝ ∫vol ne2Λ(T) dv

¾ Y crash course: Compton y‐parameter (Compton = γ+e ➜ γ+e)
y =∫los ne (Te‐Tγ)/mec2 σT dlos ~  ∫pe dline‐of‐sighty ∫los e ( e γ) e ∫pe f g

¾ y governs Thermal SZ effect:
ΔT/T=y * (x(ex+1)/(ex‐1)‐4), x= hν/Tγ
ΔIν = ΔT/T * x4ex/(ex‐1)2 ; Æ ‐2y, 0@217, xyν / /( ) ; y, @ , y
(Y=∫y(θ,φ) dΩ~ Eth /DA

2 ~(Egrav‐Pkinetic,etcV+3PsV)/2 DA
2)

(VIRIAL THEOREM: Egrav ~GMgM/R ~M5/3 dark matter dominated)

¾ And Kinetic SZ (kSZ)¾ And Kinetic SZ (kSZ)
ΔT/T=∫ne ve|| /c σ T d los ~ ∫Je . Dr
( ∫kSZ(θ,φ) dΩ ~ MgasVbulk /DA2  )

Î Can predict Y from X under some hypotheses
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X‐ray baseline model

Ingredient 1: Ingredient 2: Ingredient 3:

Based on observed scaling relations and structural properties of REXCESS 

L-M relation
(Pratt et al. 2009)

g
Average ICM density

profile (Croston et al. 2008)

g
Universal pressure

profile (Arnaud et al. 2010
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L500, z Î M500, R500, Profile, predicted Y500



Planck clusters vs other samples
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Scaling relation SZ versus X‐ray luminosity

NB: Same 
conclusion 
drawn from 

individual Planck 
measurement 
on a selected 
sub sample of

Use  Multi-
frequency 
Matched Filter 
(MMF) at sub-sample of 

62 ESZ clusters 
with high-quality 

XMM-Newton 
archival data

(MMF) at 
positions of the 
Meta-
Catalogue of 
X-ray detected 
Clusters
( 1600 
MCXC 
clusters)

¾ perfect agreement between X-ray-based predicted and measured SZ signals
¾ Planck shows that there are no missing hot baryons
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g y
(a 5 years debate, closed because Planck error bars are about 10 times smaller than WMAP ones)

¾The overall view of the properties of the hot gas in clusters is consistent



Comparison with optical clusters

¾ First comparison of the SZ signal and the galaxy content of clusters

on about 13000 optical clusters from the MaxBCG of SDSS

¾ In contrast to the X-ray SZ studies, the SZ signal is lower that

expected from theoretical predictions

¾ The origin of the difference needs further investigation and will tell
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us more on the population of clusters and structure formation



No contradiction with X ray

Blue dashed line:Blue dashed line:
Model L-M + M-Y

Note that 
this goes to 
really small 
L500 (M500)
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Back to Galaxies...

¾ We now know that a large 
part of the (integrated) light 
from galaxies is actually infrom galaxies is actually in 
the infared/summ
(z+reprocessing)

¾ Diffraction law: confusion 
rules this field
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CIB 80% resolved CIB 15% resolved CIB <1% resolved



A saving grace: the negative K‐correction

1. when a galaxy is very far -
thus much younger- its 
radiation is redshifted toradiation is redshifted to 
lower frequencies

2. it is also becoming dimmer 
and thus difficult to observe

3. in the far infrared and 
microwave the resolution of 
telescopes is far less than 
in the opticalp

4. the steep decrease of 
luminosity with 
wavelength helps 
detecting the associateddetecting the associated 
structures in the CIB at 
high redshifts
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The CIB spectrum

¾ The contribution from large redshifts can become 
dominant at lower frequencies

¾At 217 GHz, the models indicate that galaxies at z>2 
dominates over lower redshift ones (less than 3 
billi )billion years)

Bétermin+ model
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HFI



Let’s go for it ☺

6 high Galactic 
latitude fieldslatitude fields 
with very low 
dust 
contamination : 
<N(HI)> = 0 7-<N(HI)> = 0.7-
1.8 1020 at/cm2

¾ Two contaminants: CMB background and Galactic dust foreground!
¾ Cleaning based on templates removal (& ERCSC source masking)

� HFI (Wiener filtered) 143 GHz
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� HFI (Wiener-filtered) 143 GHz 
� HI GBT data for dust (martin+2011)



Removing dust
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HI = best dust tracer in the diffuse sky
Decompose emission at each HFI ν on each of the components (local, IVC and HVC) 



The cleaning
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Losange = instrument noise



CIB appearance versus frequency

1. As we move towards 
lower frequencies we 
see structures in the 
universe closer and 
closer to the galaxy 
formation period

2. The same structures 
are seen in successive 
bands illustrating the g
high signal to noise 

3. we expect the lowest 
Planck frequency CIBPlanck frequency  CIB 
maps (217 Ghz) shows 
structures formed less 
than 2 billion years
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than 2 billion years 
after the big bang     



Models tend to differ at high‐z...
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CIB power spectra

X 103

X 105

X 2.106

Field-combined CIB anisotropy power spectra at 217, 353, 545 & 857GHz.

The dashed line shows the expected sum of the dusty and radio galaxy 
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y g y
shot-noise power. The power spectra at 217, 353, and 545GHz have been 
arbitrary scaled to allow for a better comparison between frequencies



BLAST & SPT (217 GHz) versus HFI

The green dashed line corresponds to the SPT shot 
noise and the green dot-dashed line to the clustering 
model of Hall et al. (2010), the sum of the two being the 
continuous green line.

NB: BLAST values are color-corrected using the CIB 
mean spectrum (1.05 @ 857 & 0.7 @ 545 GHz) SPT clustering model overpredicts by a 

factor 2.4 the HFI power at ℓ = 800.
Wh li d b thi f t (d h d tt d li ) th
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When normalised by this factor (dash-dotted line) the 
clustering+shot noise (continuous line) now under-predicts 
the SPT data points (a signature of non-linear contributions?)



Counts and HOD
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Hard to go further in modelling

Halo Model HOD (Halo Occupation Density model)

Need z-evolution of luminosity function
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But of course, as is, degeneraciesÆ constraints in a larger plan



Conclusions

¾ Planck works well. HFI exceeds expectations
¾ First 10 months of data (Aug13‐>Jun6th): reprocessed, ERCSC and first 

scientific analysis all in 6 months.
¾ ERCSC (~15000 sources 189 SZ clusters) fullfills expectations¾ ERCSC ( 15000 sources, 189 SZ clusters) fullfills expectations

¾ 25 papers unveiled at Planck2011 à la Vilette (& AAS & astroph)
¾ Disclaimer: very incomplete / biased subsample of these 25 papers.¾ Disclaimer: very incomplete / biased subsample of these 25 papers.
¾ Radio‐source models steepen too early: miss the high end (217GHz) 
¾ Lots of Cold Cores... The net has been drawn, now to exploit the catch
¾ An incredible ensemble for dust / ISM studies (AME, dark gaz... uncovered)( g )
¾ A new reference sample for SZ studies.: high mass / rare objects

– Finding new (interacting/multiple) objects 
– Full consistency with X‐ray data (Y vs X)

Surprise with optically selected clusters (and unprecedented very low masses)– Surprise with optically selected clusters (and unprecedented very low masses)
¾ CIB anisotropies very well measured 

– Power detected from 10’ to 120’ at 4 frequencies
– Interesting comparison with other determinations ☺
– Further constraints on Galaxy formation models

¾ Stay tunes : the nominal mission is inj the can, downstairs (data dec 13th)
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The first 25 (a to y)
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