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6 CHAPTER 1 THE PLANCK MISSION

for polarisation measurements. Our current knowledge of polarised foregrounds is not as good
as that of unpolarised ones and it is possible that foregrounds will a significant, and potentially
dominant, source of uncertainty for polarisation.

Systematic effects can also be controlled by an appropriate choice of orbit and sky scanning
strategy. Planck will be placed in a Lissajous orbit around the L2 point of the Earth-Sun
system (Figure 1.4). The spacecraft will spin at ∼ 1 rpm around an axis offset by ∼ 85◦ from
the telescope boresight, so that the observed sky patch will trace a large circle on the sky
(Dupac and Tauber 2004). From L2, the spin axis can be continuously pointed in the anti-Sun
direction, and the satellite itself used to shield the payload from solar illumination. This strategy
minimises potentially confusing signals due to thermal fluctuations and straylight entering the
detectors through the far sidelobes. It also enables aggressive use of passive radiation to cool
the payload, a key feature in the overall thermal design of Planck.

FIG 1.4.—Planck will orbit the 2nd Lagrangian point of the Earth-Sun system (L2). From there it will follow
the Earth as it travels around the Sun, keeping the payload constantly in the shade. As it spins, the field-of-view of
the telescope sweeps the sky in a large ring. In about 7 months, the full sky will be surveyed.

As the spin axis follows the Sun, the circle observed by the instruments sweeps through the
sky at a rate of 1◦ day−1. The whole sky will be covered (by all feeds) in a little more than
6 months; this operation will be repeated twice, resulting in a mission lifetime of around 15
months.

1.3.1 The Low Frequency Instrument (LFI)

The Planck Low Frequency Instrument represents the third generation microwave radiome-
ter for space observations of CMB anisotropies, following the COBE Differential Microwave
Radiometer (DMR) and the Wilkinson Microwave Anisotropy Probe (WMAP). The DMR,
launched in 1989, detected structure in the CMB angular distribution at angular scales >∼7◦
(Smoot et al. 1992), using two Dicke-switched radiometers at each of three frequencies, 31,
53, and 90 GHz, with noise temperatures of 250, 80, and 60 times the quantum limit, re-
spectively, fed by pairs of feed horns pointed at the sky. WMAP (see Bennett 2003, and
http://map.gsfc.nasa.gov/ for a full description and suite of papers) was launched in June
2001 and is currently observing the whole sky in five frequency bands from 20 to 94 GHz with
small arrays of radiatively-cooled radiometers fed by a differential two-telescope optical system.
Radiometer noise temperatures are 15–25 times the quantum limit, with angular resolution
ranging from 56′ to 14′. The LFI instrument (Bersanelli & Mandolesi 2000) with its large ar-
rays of cryogenically cooled radiometers, represents another major advance in the state of the
art. It is designed to produce images of the sky at 30, 44, and 70 GHz with an unprecedented
combination of sky coverage, calibration accuracy, freedom from systematic errors, stability and
sensitivity, including polarized components.

The heart of the LFI instrument is a compact, 22-channel multifrequency array of dif-
ferential receivers with ultra-low-noise amplifiers based on cryogenic indium phosphide (InP)
high-electron-mobility transistors (HEMTs). To minimise power dissipation in the focal plane
unit, which is cooled to 20 K, the radiometers are split into two subassemblies connected by a
set of waveguides, as shown in Figure 1.5.
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Planck Blue Book

The Planck mission

9 frequency bands giving a 
good spectral coverage of 
the SZ spectrum

Volume & depth
massive clusters up to z ∼ 1

Many clusters marginally 
resolved

selection function depends on 
cluster profile
photometry depends on source 
profile (precision on the size)

SZ observations
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Multi-Matched Filter (Melin et al. 
2006)
Planck Sky Model (PSM) 
(Delabrouille et al.)
WMAP-5 cosmology (Dunkley et 
al. 2008)
Universal pressure profile (Arnaud 
et al. 2009)
Self-similar scaling in mass and 
redshift: r < 5×r500

Jenkins mass function
Conversion from M500 to MJenkins

 

Planck simulations: PSM WG2 Challenge

0.00016 arcmin2 0.00047 arcmin2

The Planck Cluster Catalog

Not flux limited

Filter fluctuations on smallest scales

Expected properties
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The Planck Cluster Catalog
Expected properties

σ8 = 0.856

σ8 = 0.796 σ8 = 0.817
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The Planck Cluster Catalog

Point source 
approximation
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Model basis
SZ/X-ray Properties

Scaling relations:
M500-T relation (Arnaud et al. 2005, Vikhlinin et al. 2006)

L-M500 relation(s) (Pratt et al. 2008)

Mass function from Jenkins et al. 2001

Mass conversion assuming NFW profile for dark matter with      
c = 4.3

WMAP-5 cosmology (Dunkley et al. 2008), except for           
σ8 which is determined from local counts (400sd)

5

LX = 0.38×
�

M500

2× 1014M⊙

�1.53

h7/3(z) [1044 ergs/s]

M500 = 4.1×
�

T

5 keV

�1.5

h−1(z) [1014M⊙]
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Model validation
SZ/X-ray Properties

 σ8 = 0.856±0.01, from 
400sd (Burenin et al. 
2007) consistent within 
2σ with WMAP-5

Validation on:
local and high-z XLFs 
(Mullis et al. 2004) well 
reproduced

REFLEX (Böhringer et al. 
2004) redshift distributions 

6



Antoine Chamballu - Imperial College London GCEU 2009 - Pucón

Model validation
SZ/X-ray Properties

 σ8 = 0.856±0.01, from 
400sd (Burenin et al. 
2007) consistent within 
2σ with WMAP-5

Validation on:
local and high-z XLFs 
(Mullis et al. 2004) well 
reproduced

REFLEX (Böhringer et al. 
2004) redshift distributions 

6



Antoine Chamballu - Imperial College London GCEU 2009 - Pucón

Model validation
SZ/X-ray Properties

 σ8 = 0.856±0.01, from 
400sd (Burenin et al. 
2007) consistent within 
2σ with WMAP-5

Validation on:
local and high-z XLFs 
(Mullis et al. 2004) well 
reproduced

REFLEX (Böhringer et al. 
2004) redshift distributions 

6



Antoine Chamballu - Imperial College London GCEU 2009 - Pucón

Comparison with existing surveys
SZ/X-ray Properties

NORAS and REFLEX 
surveys (Böhringer et al. 
2000, 2004):

∼ 30 000 deg2

∼ 900 clusters

Planck:
∼ 3000 (1600) clusters
bigger volume
efficient at high redshifts 
(flatter distribution)

๏ New massive high-z 
clusters

7
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Comparison with existing surveys
SZ/X-ray Properties

Overlap between both catalogs:
890 (570) clusters, i.e. 30% (34%) of the Planck catalog, 
with fx ≥ 3.10-12 erg/s/cm2

determination of scaling laws (YSZ-LX, YSZ-YX, YSZ-TX, YSZ-M...)
help in the determination of SZ fluxes when cluster size 
known from X-ray

Clusters only in the RASS
some have high SZ fluxes, but are left undetected by Planck

๏ determination of the Planck selection function via 
observations

8
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Planck new clusters
SZ/X-ray Properties

9

Characteristics Predicted number of clusters
σ8 = 0.796 σ8 = 0.856

All 1 672 3 005
New clusters 1 104 2 112
z � 0.6 95 278
0.8 � z < 1.0 20 65
z � 1.0 8 32
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Targeted clusters 
SZ/X-ray Properties

Most massive (hottest) and distant clusters: more 
useful for cosmological studies

“hot” ≡ T ≥ 6keV; “distant” ≡ z > 0.6

Bright X-ray clusters
“bright” ≡ fx (0.5-2 keV) ≥ 10-13 erg s-1 cm-2 

‣ T estimated with 10% error with exposure time ≲ 55ks

10

MS1054-0321 (Gioia et al. 2001):                                     
z = 0.847±0.05;                                 
T = 7.2±0.7 keV;                                 
fx [0.5-2]keV = 1.9±0.09×10-13 erg s-1 cm-2     

➯ exposure time: ∼25 ks
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Targeted clusters 
SZ/X-ray Properties

Most massive (hottest) and distant clusters: more 
useful for cosmological studies

“hot” ≡ T ≥ 6keV; “distant” ≡ z > 0.6

Bright X-ray clusters
“bright” ≡ fx (0.5-2 keV) ≥ 10-13 erg s-1 cm-2 

‣ T estimated with 10% error with exposure time ≲ 55ks
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ClJ1226.9+3332 (Maughan et al. 
2007):                                      
z = 0.89±0.05;                                   
T = 10.4±0.6 keV;                                 
fx [0.5-2]keV = 3×10-13 erg s-1 cm-2           

M500 = 5.2±1.0×1014M⊙                     
➯ exposure time: ∼70 ks
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More numbers
SZ/X-ray Properties

11

Characteristics Predicted number of clusters
σ8 = 0.796 σ8 = 0.856

z � 0.6 95 278
T � 6 keV; z � 0.6 93 275
T � 6 keV; z � 1.0 8 32
T � 6 keV; z � 0.6; fx > 10−13 ergs/s/cm2 92 271
T � 6 keV; z � 1.0; fx > 10−13 ergs/s/cm2 7 29

Most of the new distant 
clusters are hot

... and bright in X-rays

๏ Significant increase 
compared to the number of  
known clusters 
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... compared to what?
Significant increase

© Monique Arnaud

238 clusters 
with z < 0.5

Mantz et al. 2009

Allen et al. 2007

Includes EMSS, MACS, NORAS, REFLEX, 
SHARC, 160sd, 400sd, RDCS and WARPs
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Summary
PCC SZ/X-ray Properties

Planck has started its first full-sky survey of the CMB

Planck will observe all of the most massive clusters, 
and all of the distant Planck clusters will be massive.

Almost all of them are going to be bright enough in 
X-rays to be observed (with 10% error on T) in 55ks 
or less with X-ray satellites

All this motivates the X-ray follow-up of the most 
relevant/easily identifiable of those clusters, in the 
frame of a few-Ms Very Large Project with XMM.
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