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Main Observational Objective of

PLANCK

To image the whole sky at wavelengths near
the peak of the spectrum of the Cosmic
Microwave Background Radiation Field
(CMB), with an instrument sensitivity
AT/T~10, an angular resolution ~5
arcminutes, wide frequency coverage, and
excellent rejection of systematics .
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Observational Strategy

Two successive all-sky surveys

1.5 metre aperture telescope

wide frequency coverage (25 GHz - 950 GHz)
State-of-the-art detectors

extreme attention to systematic effects
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Spacecraft elements

Telescope

Instruments

Shields =%

Service Module
Solar array

L/'F to Ariane
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Spacecraft hardware

Prime contractor: Alcatel Space (Cannes)




Choice of orbit

Earth-Moon L5

Sun-Earth LI

(SOHO) Moon

Earth-Moon L4

Earth-Moon L3 Sun-Earth L2
-

PLANCK
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Observing strategy

Boresight
(85° from spin axis)
Ecliptic pole
T Field of view
rotates at 1 rpm
Eclimfc plane p « o
AN @27 1 °/day/ ’(c

~ -
- -
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Planck Telescoe

e Primary: 1.50 x 1.89 m ellipsoid (CFRP)
* Secondary: 1.02 x 1.04 m ellipsoid (CFRP)
* System:
— 1.5 m circular projected aperture
— Total MWFE<40 pum rms
— Total € <0.01
» Reflectors are being developed by ESA and
a Consortium of danish institutes led by the

Danish Space Research Institute
(PIL: Dr. H.U. Norgaard-Nielsen)
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Manufacturer: Astrium Gmbh (Friedrichshafen)
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LFI horns at 20 K
Filters at 1.6 K

Bolometers, horns
and filters at 0.1 K

JFET Box at 50 K
(JFETs at 120 K)

Flange at 20 K

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

‘ 4K Back-to-Back horn ‘
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5 Detector
‘ 1.6K filter and lens holder ‘

Spider-web or polarisation-sensitive bolometers (CalTech/JPL|

HFI hardware




Optical configuration
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Optical configuration

143 GHz

Scan direction
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Polarisation Measurement
Principle with the Planck HFI

@ Both bolometers in a PSB pair
Y share the same optics but
have different readouts
‘@— INTENSITY

POLARISATION

Each PSB pair measures (I &

U)or (I4&Q)
Scan O @ +  Two pairs, rotated by 45,

v

together measure (I, U, Q)
Stokes Parameters

1=E2+E} Q=E2-E? U= 2EE,
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Polarisation Measurement with
- LFI and HFI

_L;‘;‘l_ * Principle is the same for both
> LFI and HFI
: * Polarisation separation
l W ik mechanism is different
: t ke — LFI: Ortho-mode Transducer
separates two orthogonal

polarisations
— HFI: Orthogonally oriented
grids select polarisation and
deliver to separate thermistors
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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 [ 70 100 | 143 [ 217 | 353 | 545 | 857

Detector Technology HEMT LNA arrays Bolometer arrays

Detector Temperature ~20 K 0.1 K

Cooling Requirements H, sorption cooler H, sorption + 4 K J-T stage + Dilution cooler

Number of Unpol. 0 (1} 0 0 4 4 4 4 4

Detectors

Number of Linearly 4 6 12 8 8 8 8 0 0

Polarised Detectors

Angular Resolution 33 24 14 9.5 7.1 5 5 5 5

(FWHM, arcmin)

Bandwidth (GHz) 6 8.8 14 33 47 72 116 180 283

Average AT/T; per 2.0 2.7 4.7 2.5 2’ 4.8 14.7 147 6700

pixel

Average AT/Tyo per | 2.8 3.9 6.7 40 | 42 9.8 | 298

pixel

: Sensitivity (10) to intensity (Stokes I) 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).

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

PLA NCK Table last updated Feb. 2004 Gmms

Acquiring and processing
Time-ordered information

_ Converting TOI to maps of
the sky emission
at many frequencies

' Converting frequency
Maps to component maps

Detector noise

Estimating the CMB
Angular power spectrum
_ And cosmological parameters
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for the xle crrors on the B-mode polarization power spectonm ©F from Planck (for

~ 150 the primary spe 1 is swampedd by weak gravits |r1u|:| il lensing of the

E |m|-|l!|ll i |1:|f~|l1:H| Iy the dominant sealar pertarbations, The eosmologieal model, and the assumptions abont

instrument charaeteristies, are the same as in Fig. 2.13, From: Efstathiou 2004
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WMAP vs Planck: Key differences

WMAP Planck
P/L Technology Dual telescope Single telescope
Passive cooling Active cooling
Detectors HEMT LNAs HEMT LNAs
Bolometers
Freq. range 22-94 GHz 30-857 GHz
Ang. resolution 13.8 arcmin 5 arcmin
Sensitivity @ 90- 35 uK 2.2 uK
100 GHz (0°.3x0°.3) (0°.3x0°.3)
Sensitivity to CMB  Min. 31 uK Min. 3 uK
(afteravg. & fg.  Typ.35uK Typ. 5 uK
youbtr.) v
LANCTK C&Rormsis”

Power spectrum recovery

il amgular resolntion of Manck.

PLANCK
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E-mode recovery
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Fic: 2.14. Foreeasts for the £ 1o errors on the E-mode polarization power spectrum ©F from WMAP and
B2K {left ) and wk (right ). The cosmological model. and the assumptions about instrment ehacacteristics, are
th as i 13, For WAMAP and B2, flar band powers are estimated with AF = 150 (with finer resolution
seales for WAMAP in the inset), For Planck we have nsed the same resolution as in Fig, 2135,

From: Efstathiou 2004
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The need for accuracy
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Fic 2,11 The solid lines in the npper panels of these figures show the power speetrm of the coneordanes
ACDM maodel with an exactly seale invariant power speetrim, ng = 1. The points, on the other hand, have heen
generated from a model with ng = 0.95 but otherwise identical paraneters. The lower panels show the residuals
between the points and the ng = 1 model (the solid lnes show the theoretical expectation for these residuals), The
left and right plots contain simulations for WMAP and Planck, respectively.
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The need for accuracy

WMAP
n,=0.85, dn /dink=—0.03

Planck
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Fre 2,12, Sane as Figo 2,11, bt now comparing the coneordance ACDM model. having ng = 0.95 and zero
eun (solid line), with a realisation of a model having with ng = 095 (at o fidueial wavenumber of &y = 0.05 Mpe=1)
and a run of deg /dInk = =0.03,
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Parameter recovery
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Science with accurate cosmological
parameters

» Cosmological parameters to high accuracy
— Geometry of Universe
— Age of Universe, H, Q_, A, ...
— Neutrino mass, ...
» Testing inflation, contraining the inflaton potential
* Finding non-gaussianities
— Primordial
— “local”
» Finding signatures of gravitational waves
» physics beyond standard model, e.g. superstrings
» Evolution of structure and nature of dark matter, epoch of reionisation

PLANCK CL580pnsics

Key Non-CMB Science with Planck

* Sunyaev-Zeldovich effect
— Measurement of y in > 10* galaxy clusters
— Cosmological evolution of clusters to 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 counts to 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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Acquiring and processing
time-ordered information

- Converting TOI to maps of
the sky emission
at nine frequencies

' Converting frequency
maps to component maps

Estimating the CMB

angular power spectrum
- and cosmological parameters

CR5R0ervsics

Extracting the science




Polarisation Systematics

 Far sidelobes * Instrument specific
— Galactic [ straylight — 1/f noise
— Noise mismatch
— Bandpass mismatch
— Time constant mismatch

— (Galactic p straylight)
* Main beam
— Differences between Q,U

b e Thermal

cams

— “Cross polarization” * Scan strategy
e C(Calibration

* Pointing
— Incorrect polarization
calibration parameters

PLANCK CL580pnsics

dBi

i

dB

Beam mismatch effects

Main beam mismatch
introduces fake
polarisation of <1%

40 1 1 I. I I | - —— “I‘..I”.I ‘I-. I IIIATI‘.‘ T T
20 100 GHz Feed| | Original Feed

Cut ¢=0° y=0°

-20
—-40
-60

Far sidelobe mismatch
has to be considered as well

-40
From: Fosalba 2001
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From: Leahy and Hamaker 2004
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“Realistic” case

Polerized Angular power spectra
T
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Figure 26: Input and recovered polarized 'y spectra for an optimal combination of 100 and 143 GHz

data.
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Worst case

Polarized Angular powes spectra
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Planck Data Products

e Cleaned & calibrated time-ordered data
 All-sky maps in nine frequency bands

» “First generation” all-sky component maps
— Cosmic Microwave Background

— Galactic emission maps (synchrotron, free-free,
dust)

— Extra-galactic source catalogues

PLANCK CL580pnsics

Data Processing Centres

LFl all Th all Tha HFI
DPC DPC

Level 1 Level 1

EZ 3

Freg. Maps Cal. TOT

Level 3 » Level 3 I

Cal TOI+ Freg. Maps Cal TOI+ Freq Mars
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LFI DPC Operations Scheme

S/C+P/L TM &
auxiliary data

S/C+P/L TM &
auxiliary data

Level S Level 1

]
Instruments TC
and inputs to
Moc

— RTA/QLA
LFI TM] —from TM to Time-
Ordered-Information

— Simulation of Planck TM,
TOIl and maps

Level 2
— First-level statistics &
LFI Raw/Cal. TOI systematics checks Cal.TOI
— Beam pattern reconstr. ' >
« i ration® »
— “Absolute c Y >
LFI — Frequency maps Frequency Maps HFI
DPC Cal.TOI . Freq. Maps Cal. TOI + Freq. Maps| DPC
>
>
Level 3 Comp. Maps
P - Components separation
Frequency Maps — Inter-frequency cross-
check
— Components maps
— C(l) evaluation Level 4
Trieste — Final products

Cal.TOI, Freq. Maps,
Component Maps,
Catalogs, Doc.

LFI ovess
DPC Detacticn on TOD
Pipeline B i
Breadboard
Model
Concept = | ==

PLANCK
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HFI Level 2 Concept

Model of the Instrument

FIRAS data External
[_swean ] Dot sens

20/03/2001

T e
systematics
& noise

TOI/Rings L2

:

Ny and painting

[l&mﬂdudﬂirgsllﬂwudml

Y corvact e st ] compct s nvacon |4 Pl

—
IRings TuNapl TOT o Map

Full Sky Map Making
(includes signal comparison)

Freguency Naps
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System Schedule

Reflectors FM oM

Sorption Cooler PACE FM1 FM2 Payload Development
Instruments AV
cqQ FM FS
PDR D ' ' FAR IOCR S/C Development

[ 12002] | 12003] | 2004 | [2005] | [2006] | [2007] [ [2008] | 12009] | [210] |
Launch 15 Feb. 2007
Transfer
PV

Survey 1 IERCSC Delivery

. . Survey 2
Operations and Data Processing Data Reduction

Data Exploitation

Product Delivery
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Key dates

« Start of spacecraft Phase B: mid-2001

« Start of spacecraft Phase C/D: end-2002
» Payload model deliveries: 2003-2004

» Launch: February 2007

* Insertion into orbit: June 2007

* Operations: 2007-end 2008

* Scientific product delivery: 2010
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