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PLANCK

The European mission to map the
Cosmic Microwave Background

1. Scientific objectives
2. Mission facts & status
[+ following talk by Jean-Loup Puget]

J. Tauber, on behalf of the Planck Collaboration

See also http://www.rssd.esa.int/Planck, e.g. the “Bluebook
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Main Observational Objective of

PLANCK

To image the temperature anisotropies and
polarisation of the Cosmic Microwave
Background (CMB), over the whole sky,
with an uncertainty on the temperature
limited by “natural causes” (foreground
fluctuations, cosmic variance) rather than
intrinsic or systematic detector noises, and
an angular resolution ~5 arcminutes.
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Planck:
3'd Generation
CMB space
experiment
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Acquiring and processing
time-ordered information

Converting time-ordered data
to maps of the sky emission
at many frequencies

l Converting frequency
maps to component maps,
e.g. the Cosmic Microwave Background

Estimating the CMB
_ angular power spectrum
_ and cosmological parameters
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Theoretical angular power
spectrum of the CMB (CDM)
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Science with accurate cosmological
parameters

» Determining cosmological parameters to high accuracy
— Geometry of Universe
— Age of Universe, H,, Q,, A, ...
— Neutrino mass, ...

» Testing inflation, constraining the inflaton potential
— Finding signatures of primordial gravitational waves

» Finding non-gaussianities
— Primordial
- “local”

* physics beyond standard model, e.g. superstrings

» Evolution of structure and nature of dark matter

« epoch of reionisation
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F1c 2.12—Same as Figure 2.11, but now comparing the concordance ACDM model, having ng = 0.95 and zero

run (solid line), with a realisation of a model having with ng = 0.95 (at a fiducial wavenumber of ky = 0.05 Mpe™!)

and a run of dng /dInk = —0.03.
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F1c 2.14.—Forecasts for the +1 errors on the E-mode polarization power spectrum C'f from WMAL and B2K
(left) and Planek (ri::llt). The cosmological model, and the assumptions about instrument characteristics, are the
same as in Figure 2,13, For WMAP and B2K, flat band powers are estimated with Af = 150 (with finer resolution
on large scales for WAMAP in the inset), For Planck we have used the same f-resolution as in Figure 2.13.

a.01

B-mode
polarisation

[Ker1)e, / 2n] / [uk/K?
10™?

107

Note: t ~0.17 i

10 100 1000

I3
¥15 217, Forecasts for the 1o errors on the H.mode polarization power spectrum CF from Planck (for
Fo= ikl amd vo= 007) Abow § o 150 the primsry spectram b swamped by weak gravitational bnsng of the
Eepolarization produced by the dominamt salar p The model, and the about
imstrument chnracteristios, are the sauwe as in Figure 2,13,

—

Detection probability

r=0.05

) L
ot 107 i

Tensar amplitude 4,
Fic; 210.—The probwhiliey of detecting Bmode polasization at 05% confidence w & funetion of Ay, the @
nmplituds of the primoedial tersse power spectrum (assunsed scale-invasiars ). for Pianck obeervstions wsing 657 of

tha ky. Tho cuarvim coervagrannd to dilfignt st opochs of (lnstantanous) relotion: = = 6, 10, 14, 18 ad 22

e bl coctengend o 8 et tomscalat tatio 1 = 0,05 ot the bt senlar portualistion. As = 27« 10°%, 3 5ane

fives the otevrms WALAT obrvatiotis r




8 E | - ) _

ﬁ\ WMAP (4 yr) a6 E MDA @ AR

g E [ 10|

0.02 0020023 Plaan (l yr) 0'7§' \%] E - '_ S | _'

- 0.65 — 3 x v

‘ ” % Jl 0.6 E+-{-w-{+4.+.‘r+§ ol gops 1 fun

p \ 0.024 £ b 3  dn,/d é"‘ k3

002002W025 04 042 E o[~ 3 0+ S

D" ":' poz2 b | RN 3

005 050 | E E _UI‘ F _:
‘.I:I.I:HD.D.ZII.D.2:“ 01 012 onanl I:II‘\ — D.021 E— 3

A
rd
4

0O2ORENGS 01 012 GO501015 08 1 1 anck(lyr)

el 80 g ;.I.“.I.'
.. A 0.1 0.12 0.14 0.8 a.
os| : f.h% WMAP (21 yIB A ACTIshY

e
&

n"ﬂ‘

& o

5 e B

Y a

o &

R_5o8
& é._._I.

F e E

S— Y
2R
R

08 1 1.3-005 0 005

_m m Recovery_ of

oghn'™ A
o w 2 Re
i@:i
PR -3. =

)
| 3 I I
0020020025 04 042 Q0501015 08 1 110050005 3 3132 COSI | IO Og|Ca
B5 85 s |85 85 %
0 80 8| & |80 w0 t
o |
7 s s 1™ 1™ ™
mi 70 \W!i?ﬂj mﬂ ru parallle ers
oL [ W 1, I6s 65 65k : 2
0.020.020.02% a1 oa2 QoS 0101% 08 1 1.1-0.05 0 0.08 3 3132 65 15 BS
' ] n L bg(IO'JAJ Hy
vegions for varkous costlogical pora

nebers when e spsect ral ey (2]
T | s v ol pedd contonrs st 1= PHYSICS
el ralisribintio for each paranudoer
raris \.u:lnulugy LUIIUqUILIIII, £0 UCLUDET ZUU0

lonr regic
||‘|lJl|’
W U m

Key Non-CMB Science with Planck

Sunyaev-Zeldovich effect
Measurement of y in > 10* galaxy clusters
— Cosmological evolution of clustersto z > 1
— H, and X-ray measurements, gas properties
— Bulk velocities on scales > 300 Mpc

 Extragalactic sources and backgrounds
IR and radio galaxies

— AGN's, QSO's, blazars

Evolution of galaxy countsto z > 1

Far-IR background fluctuations

» Maps of Galaxy at frequencies 30 - 1000 GHz
Dust properties, Cloud and cirrus morphology

— Star forming regions, Cold molecular clouds

Cosmic ray distribution

— Polarisation-based science, e.g. Galactic magnetic field
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Spacecraft elements

Telescope

Instruments

Shields =¥

Service Module
Solar array

L/'F to Ariane
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Payload
module




Low Frequency Instrument

4 K Ref. Load Sky

1st Hybrid

HEMT LNAs

Phase switches

2nd Hybrid

~1.5 m Waveguides
LNAs

Detectors & electronics

PLANCK P.I.: R. Mandolesi, IASF (Bologna) @m -
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High Frequency Instrument

Back-to-back horns at 4 K

LFI horns at 20 K
Filtersat 1.6 K

Bolometers, horns
and filters at 0.1 K

JFET Box at 50 K
(JFETSs at 120 K)

Flange at 20 K

Pl: J.-L. Puget, IAS (Orsay)
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High Frequency Instrument

Filters

Front horn Back horn

100mK horn

‘ 4K Back-to-Back horn ‘ ‘

1.6K filter and lens holder
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Detector

% 80 m @ w0 w0 o 0 wmo @ F>arisCosr§pider-web or polarisation-sensitive bolometers (CalTech/JPL|

Estimated Instrument Performance|Goals

Telescope 1.5 m (proj. aperture) aplanatic; shared focal plane; system emissivity 1%

Viewing direction offset 85° from spin axis; Field of View 8°)

Instrument LFI HFI

Center Freq. (GHz) 30 [ 44 [ 70

Detector Technology HEMT LNA arrays

Detector Temperature ~20 K

Cooling Requirements H, sorption cooler NSk

Number of Unpol. 0 0 0 4 4 4

Detectors

Number of Linearly 8 0 0

Polarised Detectors

Angular Resolution 5 5 5

(FWHM, arcmin)

v 33 47 72 116 180 283

25 2.2 4.8 14.7 147 | 6700
4.0 4.2 9.8 29.8

average temperature of the CMB (2.73 K), achievable after two sky surveys (14 months).

(1o) to intensity (Stokes I) fluctuations observed on the sky, in thermodynamic temperature (x10 ®) units, relative to the

# A pixel is a square whose side is the FWHM extent of the beam.

" Sensitivity (10) to polarised intensity (Stokes U and Q) fluctuations observed on the sky, in thermodynamic temperature (x10°%)
units, relative to the average temperature of the CMB (2.73 K), achievable after two sky surveys (14 months).

PLANCK

Table last updated Feb. 2004
Paris Cosmology Colloguium, 26 October 2006
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. Launch in mid-2008

Paris Cosmology Colloquium, 26 October 2006

Orbit and Observing strategy

Transfer to orbit around L2

C2580prvsics
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Observational Strategy

» Temperature sensitivity (per pixel) of AT/T~10
based on state-of-the-art detectors

 Ability to measure polarisation (Stokes I, Q, U) in
the CMB bands, with good cross-polar characteristics

» 1.5 metre aperture telescope to provide ~5’
resolution for the CMB

» Extreme attention to systematic effects:

— wide frequency coverage (25 - 950 GHz for temperature
and 25 - 400 GHz for polarisation)

— Far-Earth orbit

— Redundancy built in at many time-scales, from one minute
to half-year
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Planck status

e Spacecraft:

- cryo-qualification tests at Centre Spatial de Liége
successfully completed -

- Flight Service Model completed and delivered

e LFI:
- FM testing completed (Sept 2006)

- Delivered for integration October 2006
o HFI:

- FM tested and delivered (August 2006)

- Integration with LFI starting October 2006
e Telescope:

- flight reflectors delivered to Alcatel

- reflectors tested at cryo T

- radio-freq model test campaign on-going

Next Major Milestone: Full flight satellite
cryogenic test (October 2007)

PLANCK
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Satellite
assembly

PLANCK

Paris Cosmolog
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HERSCHEL CRYOSTAT MODULE
v.s. PLANCK TELESCOPE FM

Paris Cosmology Colloquium, 26 October 2006
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Summary

 Planck is the next major milestone in space
CMB research

» The development is on course for a launch
in 2008

» The first results are expected to be
published ~2011
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