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A Planck view

Fio 1.2 —Planck focal plane unit. The HFI is in=zerted into the ring formed by the LEF1 horns, and includes
thermal stages at 18k, 4k, 2K and 0.1 K. The cold LFL unit (20 k) is attached by bipods to the telescope strocture.

Telescope

Instruments

(
Shields ="

Service Module
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Fic 1.1.— Main elements of Planck. The instrument focal plane unit {barely visible) contains both LEFT and HEF]
detectars, The function of the large baffle surrounding the telescope 1s to contral the far sidelobe level of the radiation
pattern as =een fram the detectors, The specular conical shields (often called “V-grooves™) thermally decouple the
Serviee Module {which sontains all warm elements of the satellite) from the Payload Madule, The satellite spins
araund the indicated axis, such that the salar array is always exposad to the Sun, and shields the payload from solar
radiation. Figures conrtesy of Aleatel Space {Cannes).
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LFI view -1

Back-snd Wnit

Fiz 1.5.—The LF] radicmeter amray assembly {left), with details of the Eonb-and and back-=nd anits (right].
The ont-=rcds are based cn wide-band low-naoise amplihers, fed by comrugnted fead borms which callect the mdintion
from the telescope. The wavegnides transport the amplified signals fram the froo-end [at 20K) to the back-end
[at 300K). They are designsd ta mes=t simalkaneously mdiometrc, thecmal, and mechanical requireme=nts, and are
thermally linked to the three ¥Y-groowe thermal shields of the Planck payland module. The back-=rd unit, lacated
an tap of the Plank s=rvice module, contains additional amplification as well as the detectors, and is interfaced tao

the datn aoquisiticn electromics. The HF] = imserted inbo and attached to the frame of the LF] focal-planes unit.
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LFI view — 11
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Fic 1.8.—[ Tep) Schematic of the LF] fromt-end radicomester. The Front-=nd unit = located ot the focus of the
Plamck telcope, and camprises: dual profiled corrogated fed borns [Ville =t al. 2002%; low-loss (~ 0.2dB], wide-
band (= 20%) crthamade transducers, and rediometer front-end medules with hybrds, coyogenic low noise amplifiers,
and phas= switches, { Botten] Measured mdiometer cutput of the Elegant Breadbanrd model ot 331 GHe Shown are
the signals fram the twa detectar diodes [“odd™ and “even” samples], which correspond to the sky ond reference
lcad, in which the noise = dominated by & noo-white, 1) f-type compopens. The radicmeter design, howeyer, is such
that the 1/ f compope=nt is highly comelated in the two dicdes, =0 that the diff=rence signal iz extremely stable and
ins=nsitive ta 1/f Huckuations.
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HFI view — 1

HFI JFET Box
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Fic 1.7 The HFI focal plane unit. The telescope foenses radiation at the entrance of the corrugated horns.
This Hux is then filtered and detected by the low temperature (0.1 K) bolometers, The attachment points for the
20K, 4K, and 0.1 K coolers are shown, as well as the entrance point of the harness. The harness is shielded by
a Hexible bellows, and leads the bolometer signals to JFET-based cirenits mounted in a box on the frame of the
telescope. From this box, a second harness leads the signals to room-temperature electronics in the service module,
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HFI view — 11

Back-to-back horns
(4 K)

Spider-web
bolometer

Bolometer Polarization-sensitive
Holder bolometer

Fic 1.8 Cutaway view of the HFI foeal plane unit. Corrugated bacl-to-back feedhorns collect the radiation
from the telescope and deliver it to the bolometer cavity throngh filters which determine the bandpass. The bolome-
ters are of two kinds: {a) “spider-webh” bolometers, which absorb radiation via a spider-web-like antenna; and (h)
“polarisation-sensitive” bolometers, which ahsorb radiation in a pair of linear grids at right angles to each other,
Each grid absorbs cne linear polarization only. The absorbed radiant energy raises the temperature of a thermometer
located either in the center of the spider-web, or at the edge of each linear grid.
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F1c 1.9.—The HFT cooling chain comprises the hydrogen sorption cooler providing 18 K, the closed-loop Joule-
Thomson refrigerator providing 4 K, and a dilution refrigerator providing 0.1 K to the bolometers..
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LFI PERFORMANCE (30ALSY

CENTER FREQUENCY [GHz|

INSTRUMENT CHARACTERISTIC 4l 44 it
[nP HEMT Detector technology ... ... .. MIC MMIC
Detector temperature .. ... 20K
Cooling system ... L o Hsz Sorption Cooler
Number of feeds. .. ... ... 2 3 i
Angular resolution [:uu::unuutm F“ HI'I.I] e 33 24 14
Effective bandwidth [GHz....0000ooooooooooon. i 5.8 14
Sensitivity [mK Ha /2] .00 o (.17 (1,20 0.27
System temperature [K] o000 o oo 7.5 12 21.5
Noise per 30° reference pixel [pl] . . e i (i i
ATT Intensity b [10-8 pK /K] . e 2.0 2.7 4.7
[i‘fff'fj Polarisation () and 17} b [uI{fK] . 2.8 3.9 6.7
Maximum systematic error per pE{Ll 17139 [P < < 3 < 3

Al subsystems are designed to reach or exceed the performances of this table.
b Average 1o sensitivity per pixel (a square whose side is the FWHM extent of the beam), in
thermodynamic temperature units, achievable after 2 full sky surveys (14 months).

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"

on behalf of LFI Consortium




HFT PERFORMANCE (GOALS"

CENTER FREQUENCY [GHe|

INSTRUMENT CHARACTERISTIC 100 143 217 Jad 45 857
Spectral resolution v/ Ae oo oL 3 3 3 3 3 3
Detector technology ..o oo oo Spider-web and polarisation-sensitive bolometers
Detector temperature ..o 01K
Cooling system .. ....oo0 oo 20K Sorption Cooler + 4K J-T + 0.1 K Dilution
Number of spider-web bolometers .. ... 0.0 0L (0 4 4 4 4 4
Number of polarisation-sensitive holometers . ... ... B B 8 B I (0
Angular resolntion [FWHM arcminutes| ....0.0000 L 0.5 7.1 .10 5.0 il 5.0
Detector wa—Erpm alent Temperature [uI{ﬂ ] e all (2 01 27T 1998 91000
AT/T IlltLllHlt'l. 10~ G“K;K]b e 2.5 2.2 4.8 147 147 G700
AT/T Polarisation (U and () [l[] ijI{H{] 4.0 42 0.8 20.8
Sumtn ity to 1u11mu1w[{ sourees mdy] oo 20 102 143 27 43 48
(.5 26 G005

vSZper FOVIIO™S ..o L6 21 615

* Goal sensitivities. All subsystems have been designed to reach or exceed the performances of this table, which
are expected to be achieved in orbit. Sensitivity requirements are a factor of two worse, and would still achieve
the core scientific objectives of the mission,

b Average 1o sensitivity per pixel (a square whese side is the FWHM extent of the beam), in thermodynamic
temperature units, achievable after 2 full sky survevs (14 months).
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SUMMARY OF PLANCK INSTRUMENT CHARACTERISTICS

[ HF]
INSTRUMENT CHARACTERISTIC
Detector Technology .............. HEMT arravs Bolometer arrays
Center Frequency GHz ooooes 30 8 0 100 M3 27 333 345 BY
Bandwidth (e /o) ..o 02 02 02 035 033 035 033 033 033
Angular Resclution (wrewin)........ 38 4 4 10 71 &0 50 50 Al
ATIT perpivel Gtk [, ... 20 27 4T 25 22 48 LT 147 600

ATIT perpicel (Stokes Q&0 ... 28 30 67 40 42 98 08

* Goal (in ph/K) for 14 months integration, Lo, for square pivels whose sides are given in the row "Angular
Resolution”

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"

on behalf of LFI Consortium




Planck telescope

Optical configuration
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'\‘C‘) g’) Fiz 1.10.—The Planck aptical system, including the telescope bafle and ¥V-graoves, which provide straylight

cantral n addition to thermal =ola T'te attnchment |:-c:||||n.[cx the LF1 fzcal plane unit con be seen in the upper
right. The reflectars are under manufacture by Ast
structure (under manufacture by Conbroves, 7

am Gmbh [ Friedrichshafen] together with the telescope suppart
wch). Views o lllll.‘il of Alcatel Space (Conpes). The telescope

field-cf-view is cffsst from the spin axis of the satellite by an angle of 5%, The foatpring of the fizld-cf-view on the

In the focal plane On the sky sy = s in the bomer left; it onrvers abo 8 o the sky at its widest. Earh spot sacresponds to the 204 contour
: af the radiation pattern; the sllipticities ssen are alsa representative of the shape of the beam at fullwidth-half

n. The hlack croasss indicats the tation af the pairs of linsarly polarissd detsctors within ench harn.

The feld-ofview sweeps the sky in the horizontal direction in this dsgrom.

TELESCOPE MIRROR PARAMETERS

Parameter Primary mirror Secondary mirror

Radius of curvature of the L"]lip‘h‘-t.‘lilil [ T 1440.000 543.972
Conic constant . .. .. (.56940 0215424
Elliptical perimeter [11.1111] . e 1555.98 « 188679 105096 » 1104.39
Reflectors centre to major axis ufEaLt [111.111] e 1038.85 309,52
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Launch &
orbit
Lissajous
around 1.2

New transfer
phase shorter

FIG 1.4—Planck orbit at the 2nd La a em (Lg). The spin axis is pointed
near the Sun, with the solar panel shading the payload. and the e e sky in large circles at L rpm.
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Main differences between Planck & WMAP — 1

m WMAP: 2 telescopes, sky-sky difference, radiometers
only

m WMAP “intrinsically” more stable
o
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Main differences between Planck & WMAP — 11

WMAP
23, 33, 41, 61, 94 GHz

0.88, 0.66, 0.51, 0.35, 0.22 deg  (beam solid angle)'/? ~ FWHM
20-30 uK on 20’ side

143, 217, 353, 545, 857

~ HEI coverage ot high frequencies !
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Main differences betwen Planck & WMAP — 111

PLANCK - LFI CALIBRATORS FOR GROUND LFI will make also
TESTING “absolute” measures,

Planck-LFI ground tests required to power the feedhorns with a within 4K reference

black-body signal at cryogenic temperature, to mimic the sky . . .
signal. Results from calibrations are strongly depending on loads SCIlSlthlty
‘blackness’ of this source (and on modelling abilities).

RCA SKY LOAD

RAA SKY LOAD

®
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a’f’ mn e (’Y)

where ~ is the observation unit direction vector.

Isotropy around the observer — ap,, sShould have zero
mean, {(agspn) — O, and variance

¥ /deg =— 180/¢

Dimensionless temperature fluctuation &71'/1
(Physical) temperature fluctuation &7
Given the CMB monopole temperature 2.7 29 K

(Mather J.C., Fixsen D.J., Shafter R.A., Mosier C., Wilkin
son D.T., 1999, ApJ, 12, 511)

the dimensionless (7, will be ~ 7.4 x 1012 smaller than
the C; expressed in terms of K< (in thermodynamic
temperature).
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1

Tre

27 / dcosOC' (0) Pp(cos 0)(8)

(G () (2))

3 (21 + 1) C¢ Pe(cos ) ; (9)
{

1
47

here cos@ — vy1 - v> and Fpge is the Legendre
polynomial.

Since each given anisotropy field is a single realization of
a stochastic process, it may be different from the aver

age over the ensemble of all possible realizations of the
given (true) Mmodel with given parameters. I his trans-
ates into the fact that the a,,, coefficients are random
variables (possibly Tollowing a Gaussian distribution), at
a given ¢, and therefore their wvariance, 5, is x2 dis-
tributed with 2¢ 4+~ 1 degrees oOf Treedoim. I 'he relative
variance aC,, on C% is equal to /2/(2¢€ 4+ 1) which is Quite
relevant at low € because of the relatively small number
of available modes.
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— “"COSMIC VARIANCE'": it defines the ulti-
mate Iimit on the accuracy at which a given
maodel defined by an appropriate set of param
eters can be constrained by the angular power

spectrum.

Another similar variance in anisotropy experi-
ments is related to the SKY COVERAGE. This
variance depends on the observed sky fraction,

fsky-

At the largest multipoles achievable with a given
experiment the most relevant uncertainties are
related to the EXPERIMENT RESOLUTION
and SENSITIVITY.
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— OVERALL UNCERTAINTY: (Knox L., 1995,
Phys. Rev. D., 48, 3502)

Ac?

[1+ Ac® | (10

5Ce | 2
Ce \]fsky(:sz +1)

A=size of the surveyed area, oc=—rms noise per
pixel, N=total number of observed pixel, Wy—beam
window function.

For a symmetric Gaussian beam —
. = - ::}
W, = exp(—€(€ + 1)o§g)

where og FWHM //8In2.
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TT, EE, BB, TE modes

.'rr—,21 , f(F — 231

\,lrr |g11”f’““‘}““ Pp Z Z \'.Irr -2 "!Em‘}fm

=2 |m|<§

exp[—E(f + 1)/ (203 )]

~—— = (CF + wplW;?)?
(204 1) faky fheam = VSIN2(Hpwam)

wy = (oprrwum) 2 Jup (op.p frwam ) 2
1

~1 Lygr—2 r lygr—21 Feid By 2
i Fopeas W W Farp W | |
= l;u.fsk}-'* e G SRS LG Rl
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Beam (& then window function)

reconstruction in flight through planet transits

TABLEI

Input parameters of symmetne and elliptical beam for the considered planet transits, ¢ s the angle

between the ellipse principal axis and the : vy of the wlescope of, o =FWHM/+/8In2 gives the
Ieam width, r ratier hetween the mapor and minor ellipse g v related to the planet brightness

temperaiure (see Section 3,10, and \-}- and v} are the beam centre coordinates in the telescope ol (see
atlsin the lext ).

Iugrat virdues

‘ * r i
Evem {deg) farcming {mk}
cire,  ellipl cire, elfiph.

Jupiter i1} Asy07

Jupiter (11 354743
Satum (1) 0 1401381 1 1.3 7H543 76035 791971

Saturm (1) 78229

# The value ry depends on the distance betwaeen the spacecralt and the planct which slightly varies

between different pointing events,

e o r e B [ (Ao
Fvent fdeg)  (aremind o (mK) S o =

Elliptical beam: effect of 1' pointing error

165
+0.15

14,2003
00089

1.2723 33.382
£0.0016  £0.031

—37519 79243

Jupiter (I} £0.0004 200003 13858

-2.57
+0.57

13870
+0.042

1.3374
0. 0080

7.937
+0.034

—5.7679
£0.0020

7.0263

Saturn (T £0.0014 Lola

Elliptical beam. effect of neglecting spacecraft motion

0.21 14,0697 1.2004 35584 57602 TOLOR
Jupiter (D £0.14 200089 200016 £0032  £00004  £0.0003 0.999

—0.40
+0.60

14.053
+0.043

1.2964 7.782
£0.0078 20033

—5.7661
£0.0020

7.9200
00015

Saturn (T) 0.999

Alcatel casel beam: fir with circular beam — realistic simple scanning strategy, w = 81

14.9583 3lloa 55751 72001
Jupiter (I} S 00089 - £0026 00003 £0.0004 B.004

Alcatel casel beam: it with elliptical beam — walistic simple scanning strategy, o = 807

6003 15.0102 13602 3360 55756 73001
Jupiter (I £0.11 20,0087 200016 £0026  £00003  £0.0004 1232

Above elliptical beam: fit with elliptical beam — baseline simple scanning strategy, o = 85°

GROG 50209 1.3500 321 55792 72T
Jupiter (I 4010 400083 +0.0015  £0025 00003 +£00004 0.ea7
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Figure 3. Left panel: contour plot (in dB) of one of the two beams at 30 GHz as simulated through
the GRASPS code for the Alcatel casel telescope configuration and as reconstructed in flight by
using a single Jupiter transit and the sensitivity of the two radiometers connected to the beam. At
response levels less than > —20 dB the signal to noise ratio of the beam reconstruction is too low
and the contours are no longer clearly defined. Right panel: the same as the left panel, but by using
three Jupiter transits and by taking advantage from the symmetry of the two “conjugate” 30 GHz
beams. In this case the contours are quite well defined up to a response level of about —25 dB. (The
beam shape is here reported on the plane xy, yr of the telescope 1f: note that xp = sinficosg and
yr = sinfsing are dimensionless, but correspond essentially to angular sizes expressed in rad.)
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Planck
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Fic 211 The solid lines in the upper panels of these fipures show the power spectrum of the concordance
ACDM model with an exactly scale invariant power spectrum, ng = 1. The points, on the other hand. have been
senerated from a model with ng = 0,95 but otherwise identical parameters. The lower panels show the residuals
between the points and the ng = 1 model, and the solid lines show the theoretical expectation for these residuals,
The left and right plots show simulations for WMAP and Plandk, respectively,
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TE (cross) modes

Planck
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F1G 2.13.—Forecasts for the +1a ervors on the temperature-polarization cross-correlation power spectrum ( ';FE'
in a ACDM model (with + = 0.1 and 7 = 0.17) from WMAP (4 vears of observation) and BOOMERanG2K (left)
and Planck (right). In the left-hand plot. flat band powers are estimated with Af = 100 for both experiments for
ease of comparison. The inset shows the WMAP forecasts on large angular scales with a finer Af resolution. For
Planck, flat band powers are estimated with A¢ = 20 in the main plot. but with Af = 2 in the inset on large scales.
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EE polarization modes
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F1G 2,14 Forecasts for the £1a errors on the E-mode polarization power spectrum ( E‘E from WMAF and B2K
(left} and Planck (right). The cosmological model, and the assumptions abont instrument characteristics, are the
same as i Figure 2,13, For WMAP and B2K. flat band powers are estimated with A7 = 150 (with finer resolution
on large scales for WMAP in the inset). For Planck we have used the same f-resolution as in Figure 2.13.
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Flanck

0.01
T
L 1

BB mode

[H(i+1)C, / 2n] / [uK/K]P
1078

1074

detection

10 100 1000

Fic 2,17 Forecasts for the + 17 errors on the Brmode polarization power spectrinm C;f from Planck (for
r =01 and v = 0.17). Above £ ~ 150 the primary spectrum is swamped by weale gravitational lensing of the
E-polarization produced by the dominant scalar perturbations. The cosmological model, and the assumptions about
instrument characteristics, are the same as in Figure 2,13,

Detection probability

o C
171! 1071° 107

Tensor amplitude 4,

Fic 2.16.—The probability of detecting B-mode polarization at 95% confidence as a function of A, the
amplitude of the primordial tensor power spectrum (assumed scale-invariant), for Planck observations using 65% of
the sky. The cirves correspond to different assumed epochs of (instantaneous) reionization: = = 6, 10, 14, 18 and 22.
The dashed line corresponds to a tensor-to-scalar ratio » = 0.05 for the best-fit sealar normalisation, Ag = 2.7 < 109,
from the one-vear WMAP ohservations.
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Generally ...

= B mode induced by lensing @ high 1 will be identified
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Observing strategy

Boresight
(85° from spin axis)
Ecliptic pole
:f-\} a LI
- Q 4 0 LI . v
g 0 « s “tilted”spin axis Field of view
= v e @ (max tilt = 10?) rotates at 1 rpm
. T N d
."- ﬂ ! ’ .-n-l"""".'-'l - -"""'q.,
< ) L‘..nD. @ I*lif'l ) ™
@ o) s s O Ccligflic_ plane . }[‘Z
1 %day n
= y—-
-

Scanning Strategy (SS): kind of SS and SS parameters optimized
within constraints to achieve. the best scientific output.

Criteria:

1o or minimal systematics, maximization ot sky: coverage (all-sky),
optimization ot data analysis:

Nominal >i: Slow: (P=6:months=P. orbit) Spin Axis Precessions (Cycloids
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1 parameter: angle between telescope LOS & spin axis = 85°

This in order to allow a good destriping with all beams for any SS
(90° is degenerate)

2 parameter: spin axis spacing between repointings: 2’/48 min
~Nyquist for HFI
# manoevres safely enough for 4 surveys

Cycloids can be “adjusted” in initial conditions te optimize some
data analysis procedure, €.g.:

Change of the orientations of the same beam in the subsequent sutveys to
monitor polatization

Optimization of day-by-day ILEI calibration with dipole
Etc.
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Kain Beam - 4 — Signal

Straylight

0.0 mk 24 mK

Intermadinie Beam — = Signinl

04 pk 13.2pK

Far-Zide lobes i gl
Fig- 2 Ful ssismmas patiem, wih reeponss soremboed io s RS
il memarum, b the corier configurstion. Ths cdor inhls B il
i linpar in dE wral the brs checibe by o ths meeximoemn b

B0 dBL Peitorn roglone rebsiec] ta beubar ienl s
furar e ek #isd. Pos ukciha |||-cl.l‘m e

Fig. 1. Sketch of the telescope design in the symmetry plane
(@ ~ 0). This figure shows the carrier telescope configu-
ration: a gregorian Dragone-Mizuguchi design with the pri-
mary mirror enlarged to 1.5 meter for reducing the main

spillover (2a). The upper panel shows the rays coming from
unwanted directions and focussed into the feed: (1a) spillover
past the subreflector; (1b) spillover past the subreflector redi-
rect by the shields; (2a) spillover past the main reflector; (2h)
spillover past the main reflector and redirect by the shields.
The bottom drawing shows the telescope with rays coming
from the direction of the optical axis and focussed in a feed
located at the centre of the focal plane. The spillover blocked
by the shield, {1b) and (2b), is redirected close to the main
beam as showed on the full-antenna pattern in Fig. 2.
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Straylight contamination by the Galaxy:

sum of Galactic iemplats \WMAP at 33 GHz WMAP - templates

i
§
0
‘::}
:_5
=y

n 180 ¥ 38 g o 2 5 & m 0] 0
Spin Axis Pointing (degrees) Spin Axis Poinling (degrees) Spin Axls Poinling (degrees)
-1.0 “K—:-:-u_gu |.l|'( -10 “K—:-:-n_gu |_1K -15 “K—:-:-.q._a |.LK
Fig.B.1. The same as in Fig. 2, but for the simulation at 30 GHz and the overall straylight signal. For a better comparison the adopted
lemperature range 18 the same 1 the two panels, although the minimum and maximum values are just different, as 1t is evident from the
' ale, in this case)
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contamination by the

Implications: low multipoles, calibration, SS?

W55 ; ami0®; first & second survey ; see o2 NS5 ; amed® ; first survey ; see o 1.2 // / /
0.8 \{/ /’/
o.& — = " —— e

o] 0.0020.0040.00&0.008 0D.01 0.012

[

1.4f
0.1 e— — 0.5 % 0 — -—H.ip( 1.2+
C-10° | @=0" | Ny=2 | first & seoond survey | see B1 C-10%; a=10" § N;=2 | firsl & sacond survey | sas b2 1_
7 0. gl
" \ rl
. '.1 0.& _—
; 0 0.0020.0040.0060.008 0.01
y h > Figure 4. Top panel: y = y(Feyr) for OFRY — a00gK? (med
W line}, -:-';f” SO0 2 (green line), OF Ky 1000 e =
L (Blu line) and n:.'jj" . 00 K= (vellow ling). Lower curves
_—— correspond o (o, 1) (w10, 127 while upper cnes to
=11 — — (R X =115 e— — 4. X

(.M (w10 /2, 1/2). Bottom panel is a soom ol top
Figure 6. Maps of DSC in the case of the NSS and for a # 0° and in the case of a cycloidal scanning strategy (C) with a semi-amplitude of 10° and ¢ = 0°or ~ Fan=l but plotted in terms of pinstead of Fep (see equa-
10°. The parameters of each case are indicaled above each map together with the reference to the panel in Fig. 8 where the corresponding APS is displayed.  tiom {4.247): u pipl for O L A0 (red line},
Galactic coordinates and Mollweide projection are used. QY SO0 (green line), OSKY L0002 (hln

line) and -:-':I” 1500 K2 (vellow line), where A — 7/ 10,
Liowwer curyes carrespond ta (v, ) = (70100 1,27 whils upper
ones bo (L, £ = (w104 w2, 1/2), e also the text,
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Planck deep fields

Figure 23: The coverage map at 100 GHz for the selected baseline 85 is shown overlaid
with the sky at 100 GHz as derived from the Galactic PLANCE sky model.
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Planck DPCs

Y

Level 1

A - RO oocd]
Mhstnmments TC

Rene TOT

.
> Level 2

Freq. Maps Freqg. Maps L i Cal TOT

g Level 3

Cal. TOT + Freg. Mfaos Cal TOT + Freg Mans

h | h J

‘ Level 4 I

Fre 1,12, Organization of the DPCs. Each colored box corresponds to a geographically separate location.
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LFI DPC Overall Scheme ...

awxiliary data

ORI TM &
axdliar v dai

Level S Level 1
— Simulafion of Planck TM, - RTAQLA Iestruments TC
TOI and maps eyl - from TM to Time- dnd gy fo

Ordered-Infarmation Moo

Level 2

— First-level stabistics &
LET Raw/Cal, TOF systematics checks

— Beam pattern reconstr.
— “Absolute calibration”

Cal. TOf

I_ F | — Freguency maps Fraguency Maps H F |
D PC Cal. TOI + Freg. Maps D PC
Level 3 Comip, Maps
M - Components separation
Fraguency Maps — Inter-frequency cross-

check

— Components maps

— Cil) evaluation Level 4

Trieste — Final products

Cal TE, Fregq. Maps,
Componert Maps,
Calalogs, Dac,
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_ Acquiring and processing
time-ordered information

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

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

Estimating the CMB
angular power spectrum
and cosmological parameters

EL5Rorrvsics
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Planck Sky Model / Foregrounds vs CMB

‘Lion

545,

fluctuations

—> foreground studies &
Comp. Sep. Techniques
- multifrequency
approach

Brightness Temperoture (4K

sest HFT frequenci
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Figure 7: CMB E and B polarization modes compatible with WMAP 3-yr data compared to Galactic
and extragalactic polarized (B-mode) foregrounds, the B-mode induced hy lensing and their residuals
and to the BPOL sensitivity including cosmic and sampling variance ])hl% instrumental noise (black
dotted lines labelled with cv4sv4n) assuming a multipole binning of 30%. Two different frequency
are considered here. We display the E-mode (black long dashes); the B mmlv (black solid lines) is
reported for different values of 7/ (0.1, 0.03, 0.01, 0.003, 0.001 from top to bottom, at increasing
thickness). Note that the cosmic and sampling (74% of sky coverage) variance implies a (lopvndom e
of the overall sensitivity at low multipoles on T/S (again the black dotted lines refer to 1/S = 0.1,
0.03, 0.01, 0.003, 0.001 from top to bottom). Galactic synchrotron (fuxia dashes) and dust (fuxia
dot-dashes) polarized emissions produce the overall Galactic foreground (fuxia three dot-dashes) that
is dominated by dust at 100 GHz. WMAP 3-yr power law approximations in the case of uncorrelated
cdust and synchrotron components are displayed here. For comparison, WMAP 3-yr results derived
directly from the foreground maps are shown on a suitable multipole range: note that power law

approximations provide (generous) upper limits of the power at low multipoles, Various level of

resicual contaminations by Galactic foregrounds (fuxia three dot-dashes) are shown for increasing
capability to remove them (from 10% to 1% at map level at increasing thickness. labelled on the
right). The contribution by extragalactic sources, (.-}“‘] ° and the corresponding uncertainty, ai(f‘}_'“"“[}'(“'
assuring OI1 /I = 05y, /Sjim = 10% are reported (green dashes, thin and thick, respectively). The
B-mode induced by lensing and its residual assuming a (conservative) 10% suppression accuracy at
APS level are displayed (blue dots, thin and thick, respectively).
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Cosmological

implications
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® Geometrical degeneracy(ies) of TT fluctuations, e.g.:

Matter density, vacuum enetrgy, curvature, for models with

same P(k), H,2Q , H,’Q, , & acoustic peak location
~1/2

reion?

i [E"Emrf'r + (. a? + Qpa 1] 1/27

4]
0 01 02 03 04 05 08 0.7 0.8 0.8 |

> Solution(s):
Adding polarization

Adding other cosmological
information from ILSS, SNe,
Lya, ...
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The shape of the
power spectrum
depends sensitively

Cosmological Parameters

.-r " 1
on the EI.]L?E ot in the CMB
cosmological
pa[‘alﬂ&t&rs Baryon—Photon Ratio Matter—Radiation Ratio

LT

Main Cosmological Parameters

« Q. Cosmological total density parameter
 H, Hubble constant
« (), Baryon density

Curvature Cosmological Constant

« Q. Cold dark matter density
« A Cosmological constant

« n, Spectral index of scalar perturbations

g
« Q Amplitude of fluctuation spectrum

« r  Ratio of Gravitational wave to density perturbations

* 1, Residual optical depth due to reionisation
Paris, 17-19/7/08
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PARAMETER FORECASTS FOR WMAP AND PLANCK

Input June'03 WMAP,
Parameter Value June'03 +2dF WMAP, Planck ACT/SPT
Flat+weak priors
Whe o ennns (0.2240 000095 0.00090 0.00047 0.00017 0.00025
We o vreenenns 0.1180 0.011 0.007 0.0039 0.0016 0.0035
NS .ovvonnn, 0.9570 0.026 0.024 0.0125 0.0045 0.0080
(A 0.108 0.059 (0,056 0.020 0,005 0,021
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for Plancic alter | year of ob=srvation=. The curves show marginalized posterior distributions for each parameter.
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Implication for inflation
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(scalar perturbations)
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(tensor perturbatior
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n=~=0.03, ng=0.06, =~ (.001,

dlnk

= Small field models
(e.g. Linde ’82, Albrecht & Steinhardt *82)

=
f;
B
T
g
ko
=
=
o
#

=mall Field:
n < —¢
| A I |
(.85 0.9 0.85 1

scalar spectral index

F15 2.10.—The three classes of inflationary models disenssed in the text, delineated in the plane of the tensor-
to-scalar ratio r (Eq. 2.14) versus sealar spectral index ng (adapted from Kinney, Melchiorri and Riotto, 2001)
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correlated Amendola et al., 2002

CDI

post-WMAP

Isocurvature vs
adiabatic

isocurvature

modes

anti-correlated

F16 22310 and 20 contours on the parameters o and the cross-correlation coefficient 20, /o(1 - o) for an
admixture of adiabatic and CDM socurvature modes, These constraints use CMDB anisotropy data combined with
the 2dF galaxy survey. The green contours show the constraints using CME data prior to WMAP and the filled
contours show the post-WMAP constraints. (From Crotty et al. 2003),
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TeESTING [SOCURVATURE MoODES WITH WMAP aND PLANCK

WMAP WMAP WMAP WMAP Planck Planck Planck Planck  Planck

T TP T TP T TP T T+P P
adia adia all all adia adia all all all
only only modes modes only only modes  modes  modes

dhfhoooooo oL 12.37 V.42 175.74 20.40 11.50 3.71 04.67 V.70 4.53
i1 L0 R 27.76 13.34 325.21 28.47 22,80 T.34 182,01 15.44 2.98
Al L 0.79 BT 75,30 4.45 5.93 1.56 A58 3.95 2,30
1R T T 12.92 B25.02 123.61 18.43 2.67 1.20 0.79 2.36 1.48
dngfng........ 7.02 B1.62 2087 G.53 .74 0.37 4.89 0,87 .70
P 37.39 B1.81 10453 223 10.16 .41 72.53 0.7 .57
(NIV NIV .. ... e - 114.34 11.47 e e 80.87 1.36 1.14
BLEL ....... e - 573.46 20.71 e e 56.72 6.31 4.27
(NID NID L e - 351.72 29.87 e e 42.05 4.7 2.40
(NIV,AD) ..... e - 434.70 44,006 e e 212,80 =.19 4.69
BLAD, ... e - 1034.79 59,25 e e O4.11 14.97 9.04
(NID,ADY L. e - 1287.47 67,49 e e 17917 13.65 3.85
(NIV,BI ...... e - G01.53 32.29 e e T9.07 V.63 3.08
(NIV,NID, .. ... e - 743.93 46,46 e e 133,88 7.42 2.98
(BLNIDY ... .. e - 534,33 40,11 e e 115.54 .G85 4.70

1o errors (given as percentages of input model values) on cosmological parameters and isocurvature mode amplitudes
anticipated for the WMAP and Planck satellite. In the column headers, "I denotes constraints inferred from
temperature measurements alone, “TP' those from the complete temperature and polarization measurements, and
"T+P" those inferred if temperature and polarization mformation is used separately without including the cross-
correlation. Here the spectral indices for socurvature moides have been fived to their seale-invariant valnes, which
would vield a Hat CMB spectrum asymptotically at low ¢ "AD' refers to adiabatic modes, "NIV' and ‘NID' to
neutrino velocity and density isocurvature modes, and ‘Bl to baryon isocurvature modes. { Adapted from Bucher et
al. 2001).
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Implication for Dark Energ

0.6 — T T 1 T T T [ T T T 1 T T T T T T 1
- N Planck+SDSS+LSS+SNAP -
04l Planck+SDSS+LSS i
= Planck+SDSS+SNAP -
—0.4 T T . - 4
sSDss MAP () 0.2 j __
W - 4
-0.8 1 - 7
0r- _
Wij current : :
SN k(P) i !
~08 | 02 -
Y | o4l ACDM i
0 D.2 0.4 ~ i
,!.lm N I N NN T NN (N EN N TN N N T TR T E T T |
-14 -1.2 -1 -08 .6 -2

Tharerer ¢t al. 204
F1ic 2.22.—The left panel (from Huterer & Turner 2001) shows forecasts of constraints on the dark energy
equation of state parameter w and Qp, for varions experiments including Planck. The right panel (from Seo &
Fisenstein 20030 shows forecasts of constraints on the time evolution of w, parameterised through w = wg + wq 2, for
Planck combined with various redshift surveys and SNe observations from SNAP {see text for details).
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What is the Reionization Era?

A Schematic Outline of the Cosmic History

Time since the
Big Bang (years)

Towards

“astrophysical
cosmology™

with CMB

~ 1 billion

E mode &
Reionization

~ 13 billion

S.G. Djorgovski et al. & Digital Media Center, Caltech

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"
on behalf of LFI Consortium

<+ The Big Bang

The Universe filled
with ionized gas

<+ The Universe becomes
neutral and opagque

The Dark Ages start

Galaxies and Quasars
begin to form
The Reionization starts

The Cosmic Renaissance
The Dark Ages end

<+-Reionization complete,
the Universe becomes
transparent again

Galaxies evolve

The Solar System forms

Today: Astronomers
figure it all out!
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JHHE-02 was mot incleded becawse of its low 3/N. The spoctmam of cack quasar & mdskilted,
sealed secordimg to its my . meEnitede, and oeraged with eual wightisg. For comparion, we
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of both the contEmuem shape and oméssion lee songibs. On the blue side of Lya anieson, the
strong [GTM absarption st z ~ 6 removes most of the geasar Sux

A Burvey of = 5.7 Quasars in the Sloan Digital Sky Survey 1TE Discovery of
Five Additional Qunsars!

ichanl A Straus*, Domald P
s Lin®, Hubart Lampeitl®,
di 5 Soott Asclorsan® Nota
taks Fukegita’ | Aleander 5. Szalag™,
, Dhunald @ York"

A Hahesll®, Jon Hrimkmann”, Robest 1. Bruns
Cyuda P. Saololy'™

EXPLORING THE UNIVERSE WITH
THE LOW FREQUENCY ARRAY

A SCIENTIFIC CASE

Wersion 1.00 — 25-Seplembear-2002
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3 SIGNATURES ON THE CMB

The cosmological reionization leaves imprints on the CMB depend-
ing on the (coupled) 1omzation and thermal history. They can be
divided into three categories:? (1) generation of CMB Comptoniza-
tion and free—free spectral distortions associated to the IGM electron
temperature increases during the reionization epoch., (11) suppression
of CMB temperature anisotropes at large multipoles, ¢, due to pho-
ton diffusion and (111) increasimmg of the power of CMB polarization
and temperature-polarization cross-correlation anisotropy at vari-
ous multipole ranges, mainly depending on the reionization epoch.
hecause of the delay of the effective last scattering surface.

The imprints on CMB anisotropies are mainly dependent on the
1onization history while CMB spectral distortions strongly depend
al=o on the thermal history.

? Inhomogeneous reionization also produces CMB secondary anisotropies
that dominate over the pnmary CMB component for [ = 4000, and can be
detected by upcoming experiments, like the Atacama Cosmology Telescope
or Laree Millimeter/submillimeter Array (Salvaterra et al. 2003; [hev et al.

2007}

- dc?) Paris, 17-19/7/08
Sha (@_ﬁl C. Burigana, "CMB & Planck - LFI
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WMAP 1yr vs 3yt

for the 4 cases
(WMAP only — All data;
ACDM — ACDM + run) «——— 95% 0L ——>

< 68% CL »
WMAP

1-year

WMAP only ~All data

o
o)
o
=
[
=
il

ACDM 0.087% 0.017 0.094% 0.016
ACDM + run 0.092% 0.018 0.098+0.017— 0.018
for the 4 cases teported here
Paris, 17-19/7/08
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The increase of temperature in ionized region leads to a dramatic
suppression of the formation of low-mass galaxies.

radiative feedback is effective in dark
matter haloes with circular velocity below a critical value v, ;~ (2kgT/pm,)
where T is the average temperature of ionizing regions [~ 30 km/s for
T=3x10% K]

the average baryonic mass within haloes in
photoionized regions is a fraction of the universal value (Gnedin 2000):

where M. is the mass of haloes that retain 50% of their gas mass.

Radiative feedback from reionization
has important consequences on structure formation
Different prescriptions for cosmic radiative feedback

produce different reionization history
Paris, 17-19/7/08
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Reionization model

We implemented these two radiative feedback prescription in a
well tested reionization model (Choudhury & Ferrara 2006).

The main features of the model are:
 Inhomogeneous reionization assuming
lognormal overdensity distribution
» Sources of reionization:
» Poplll stars: Salpeter IMF but metal free (Schaerer 06)
» Popll stars: Salpeter IMF, Bruzual & Charlot
* Quasars: important for z<6
« Chemical feedback governs the transition from Poplll to
Popll stars (Z,=10°*1 Z_): the two populations are coeval

cri
and Poplll stars can form also at relatively low-z.

Paris, 17-19/7/08
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Table 1. Best-fitting parameters for models CFO6 and GO0 shown in Figs 2
and 3. For the same models, we also report the residual volume-averaged

neutral hvdrogen fraction at redshift six, 1y1(6), the volume-averaged elec-
tron fraction at redshfit 10, x.(10) and the Thomson scattering optical depth

7o (50 the text).

Model e.nn feen  fem Jesern  Iplh) (10} 1g

CEOs 010 001 003 068  4x107* 08 0.1017
GO 000 001 001 012 39x107t 016 0063

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"
on behalf of LFI Consortium




Observables interpreted by the models

(a) the volume-averaged electron and HI fraction. The arrows show an
observational lower limit from QSO absorption lines at z=6 and upper limit from
Ly-alpha emitters at z=6.5

(b) the cosmic star formation history, with the contribution of Pop III and Pop II
stars. Observational data ate taken from the compilation of Nagamine et al.

(2004)

(c) the number of soutce counts above a given redshift, with the observational
upper limit from NICMOS HUDE (Bouwens et al. 2005)

(d) the electron scattering optical depth, with obsetvational constraints from 3-yr
WMAP data

(e) Ly-alpha effective optical depth with data from Songaila (2004)
() Ly-beta effective optical depth with data from Sengaila (2004}

(2) the evolution of Lyman-limit systems with obsetvational data from Storrie-
Lombardi et al. (1994)

(b) photoioenization rates for neutral hydtogen, with estimates from numerical
simulations - points with ettorbars, Bolton et al. (2005)

(1) temperature evolution of the mean density IGM, with ebsetvational data from

Schaye et al. (1999)
Paris, 17-19/7/08
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Fig. 1. Top panel: redshift evolution of the spin
(thick lines) and gas kinetic (thin lines) temperatures
predicted by the two models. Solid (dashed) lines re-
fer to suppression (filtering) model. For comparison,
we also show the evolution of the CMB temperature
I, (dotted line). Bottom panel: corresponding evo-
lution of the free electron fraction.

S Paris, 17-19/7/08
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CMB anisotropy signal

)y
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multipole
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CMB signal (T'T, TE): detectability

difference & error

rel.

Paris, 17-19/7/08

C. Burigana, "CMB & Planck - LFI"
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CMB signal (EE): detectability

0.1 x foreground @ APSlevel| FE F
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______________________ ] N N

_difference & error

e

5 10 S0
multipole

Mon. Not. R. Aswon. Soc. 385, 404-410 (2008)

doi: 10.1111/.1365-2966.2008. 12845.x

Cosmic microwave background polarization constraints on radiative
feedback

C. Burigana,'?* L. A. Popa,'** R. Salvaterra,** R. Schneider,”™ T. Roy Choudhury®*
and A. Ferrara’™

. ,_1?_) Paris, 17-19/7/08
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® Planck with its sensititivy

in polarization could firmly

AST, [mK]

discriminate among different
radiative feedback models,

together with future

21cm observations 2 -1 0 1

Ad6T,/df [mK/MHz]
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Clusters & thermal & kinetic SZ effect

Let Jo = (2hp/ ) (kpTdeornp/h)3; ne—electron density; x —
hpv/kploprp=dimensionless photon frequency. Neglect-
ing relativistic corrections (Zeldovich Ya.B., Sunvaev
R.A., 1969, Ap. Space Sci., 4, 301):

ATy, = Ioyg(x) L)
Al = —Iﬂ(l’r‘r'/‘-f)'reh(-r) s k2

Te = /n.{c:ryfcﬂ T homson optical depth (3)

g == /(k;_;i[;,f-ru{cz)uf_cr-;-{ﬂ Comptonization parameter

(4)
hi{x) = % /(e® — 1)* (5)
g(x) = h(z)[xz(e* 4+ 1) /(e* — 1) — 4], (6)

Different frequency dependence — separation through
multi-frequency observations

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"
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B T T T T =TTy

q(x) ond h{z)

| - T — Pionck Vs, Comptonized Spectrum (CGS)
;
T

o 200 400 800 BOO 1000 o=l
F

100
Fraquenay (GHz)

Functions g (solid line) and A (dashes) describing the @R Thermal SZ effect in terms of intensity and equivalent
frequency dependence of the thermal and kinetic SZ thermodynamic temperature (y = 0.1 to “amplify" the

effect. effect).

~ null therm SZ effect @, 217 GHz,
one of the HFI frequency channels

decrement @) lower frequencies
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F1c 3.4.— Spectrum of the thermal Sunvaev-Zel dovich effect (red curve, arbitrary units), overlaid with Planck’s
frequency channels (grev bands). The CMB intensity is inereaszed at frequencies above 217 GHz (e, to the right
of the vertical blue line) at the expense of lower frequencies. In other words, galaxy clusters cast shadows below
217 GHz and shine above,
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Fio 3.8, The number of clusters expected to be visible in the optical for the Sloan Digital Sky Survey and in
the microwave regime tor Planck 1s shown as a hunction of cluster redshitt. In the SDSS area, Planck should detect
more than 104 clusters, almost all of which will also be detected by SDSS. Those Planck clusters which will not
appear in the SDSS will be at high redshift {adapted from Bartelmann and White 2002).

Up-date estimate:
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1600

SG0

Error on individual velovity (km/s)

J 2 4 6 8 10 12

Core radius in arcrmin
Fic 3.11.—The total rms error in individual cluster velocities. including all contributions (primary CMB,
hackground kinetic S, residuals from component separation, Planck-like instrumental noise). The solid. dotted, and
dashed lines represent SCDAL, OCDMA and ACDM models, respectively (Aghanim, Gorski, and Puget 2001)

Using the adaptive spatial filter, the uncertainty expected in individual velocity measure-
ments on bright clusters falls between 500 and 1000 kms— ', depending on the cluster core radius
(ct. Figure 3.11). The main sources of error are the CNMNDB itself, instrunental noise. and residu-
als from component separation. The latter currently appear to dominate. but mayv be reduced
byv better foreground-separation techniques.
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Extragalactic radiosources

detection/extraction

Methods tested on real data!

Paris, 17-19/7/08
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One Step further: NEWPS 5yr Blind + Non-Blind Approach

Combine the power of both techniques, the Blind and Non-Blind approach
— Application to WMAP —

Divide the sky into flat patches

Filter with the MHW2

Detect objetcs SNR > 5 and estimate S

Make histogram of the fluxes of sources Filter with the MHW2

Flag area around 5% brightest sources Detect objetcs SNR > 5 and estimate S

Flag a border around the patch Make histogram of the fluxes of sources

Estimate noise from unflagged pixels Flag area around 5% brightest sources
Flag a border around the patch

courtesy M. Lopez-Caniego et al.

First a SB and Second a NB in the Positions of the SB

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"

on behalf of LFI Consortium
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Summary of the properties of the NEWPS-5yr 55 catalogue

Areas with o, .9 0, .q4ian NAVE been excluded.

Total 23 GHz 33G 61 GHz

Tmedian I::_l'ﬂJ}'_::l 169 250
ca =electe I 0, G5 1

Simple blind detections

Additional non-blind de

Total number of objects with |b| < 10°

Total number of objects within the LMC boundaries

Total number of identified Galactic objects

Total number of identified extragalactic objects

Total number of objects missing a consistent counterp
Number of sources in WhMAP _Svr

Number of sources only in WMAP _Syr

516 different sources: 480 EPS, 20 GS, 16 unidentified - at least 96.9% reliable

NEWPS-5yr has 164 new sources not in WMAP-5yr: from them, only 14 may be false

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"

on behalf of LFI Consortium
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NEWPS-5yr Number Counts

Log(S"dR /dLeg(S)[F7"/a])
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Figure 7. Differential WHAP counts, normalized to .S'JTF!'&, eatimated from the WHAP data (dismonds). The 23 GHz counts are
compared with the ATCA 20 GHr ones (asteriska). The solid line showsa the predictions of the model by De Zocti et sl (2005) The
dotted line illustrates the effect of the Eddington biss by showing the model counts convolved with a Gaussian error distribution wich
o= 0.34, 0,42, 0.4, 0.5 Jy at 23, 33, 41, and 61 GHz, respectivaly. The valus of o at 23 GHz was obtainad by comparison with the BSS
measuramants. At higher requencies we assurmed that the true errors on flux messurements are twice the median errors yielded by the
simple blind approach, as found st 23 SGHz, The comvolution has been computed integrating down to a minimum fux equal to S/10.
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courtesy

M. Lopez
Caniego
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—mail et al 1997
Hughes el al 1998
Eale=s et al 19598
Barger et al 1899
1 EBElain et al 1896
Fox et al 2000

—3 —2
lag S{850) {Jy}

Fre <11, Predicted counts at 350, 550 and S50 pm { Rowan-Hobinson 2001). Observed counts at 850 pm are
shown, and the
Planck sensitivity is indicated by the vertical bars,
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FIG 4.6 Observations of a highly variable radio source, compared with a fitted model based on
flares. From Valtaoja et al. 1999
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PLANCK GALAXY SURVEYS

FREQUENCY |G Hz|

|43 217 353 550 850
Confusion limit (mJv, 30| .00 oo o o L 6.3 [4.1 44.7 112 251
Planck All Sky Survey sensitivity mJy, 30| ... ... 26 37 7h | 80 300
Planck Deep Survey sensitivity mJy, 3a| .. ... ... 10 18.4 19 |70 2830
Number of galaxies |all skyv| .. 000000000000 0. 570 860 1700 4400 35000
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Galactic diffuse

foreground maps
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ANCILLARY SURVEYS {(to be usad in the analvsis of Planck maps)

Survey tyvpe Survey Resolution [] Coverage Status
CO Composite CFA 120C0= = 107 = b = 4107 Completed
FORAQICGPS) 12cob s +TAY e o - 14AT" In progress
376 =< b = 4570
MNagowva U7, 12/1300" 207 107 = b <= 410 In progress
H1 Dwingeloo /INFIRAY 30 Full Sky Completed
CGPS/DRAQ" 1 4T = o - 14AT" In progress
aT6 = b = 45706
HIPASS,/HLTASS 15 Full Sley In progress
I 2MASS 1.26/2.2 pm 0.0G7 Full Sl Completed
IRAS 12/100 pan' 4 Full Sl Completed
DIRBE 1.25,/240 pm an’ Full Sley Completed
NS 4/26 pm®= n:3 57 « b= 457 Completecd
IS0 Serendipitous 170 gemb 2 15%% slov Completecd
RIS, ASTRO-F 50,200 gt s Full Sky Future
SIRTE 24,/160 gemi 027 Maps In progress
ELISA-balloon 200,/600 guank 3 207 =< b = 4207 Future
Herschel 100,600 g n's 1000 deg? Future
H-alpha WHANM-FabryPerot! GO MNorthern sk In progress
SHASS A-Alter™ 5 Southern sly In progress
Manchester WFEFC-filter™ 5 Future
Radio Stockert /Bonn 1.4 GH=" 347 MNorthern sk Completed
Halslam 4058 MH=FP a0 Full Sl Completed
FIRAS 100,/1000 gm 4207 Full Sl Completed
DR 90,30 GHs 4207 Full Sl Completecd
WhIAP 22/90 GHz 20 Full Slew In progress
Bonn MLS 1.4 /2.7 GH=" 10 107 = b= 107 In progress
HatRAO 2.3 GH=" 207 Southern slkoy In progress
CGPS,;/DRAC 408,/ 1420 MH=" 1 +7T4% = b < 41477 In progress
367 = h = +5.6°7
Green Banle 8.35,/14 35 GH=" 5 57 < b« 457 In progress
Ke-ray ROSAT 0.1-4 ke M 12 f2° Full Sley Completed
perEay CGRO =100 MeW 12007 Full Sl Completed
INTEGRAL =10 MW GO 159 = I = 4157 Future

2 Diame et al. 2001, ApJ, 547, 792
B Hever et al. 1998, Apd Supp., 115, 241
= Fuluai et al., www. a.phys.nagova-u.ac.jp

I Revnolds et al. 1995, PASA 15, no. 1, 14
MmSanstad, J. et al. 1998 TATT Symp. 190, 565
" Boumis P et al. 2000, MNIRAS 320, 61

d Eorton, W, I3, 1955, AA S 62, 365 = Reich P. & Reich W, 1986 AfA S G3. 205

= English et al. 1998, PASA, 15, 56 F Hasloan C.G.T. et al. 1952 ASA 100, 200
- 9 T2 e At al. - N : e

f Wheelock, S. et al. 1994, JPL Pub. 94-11 | Reich ot al. 1997 ALa Suppl 126, 413

2 Price 5., 1995, Space Sci. Rew., 74, 81 - i;uu"i‘f‘ i]'Lt' L‘H: ‘TEIQLSQGSJS“:.IRE%S '_"g' . 977

h - ) : ~ e nglish et al. : AL 15, 5

e F Langston et al. 2000, 4J, 119,/6, 2801

D Muraleani H., et al., 1994, Apd | 425, 354 u

- Snowden et al., 19097, 4585, 125
1 sirtf.caltech.edn ¥ Hunter, S. ., et al. 1907, ApJ., 451, 205
k Ristorcelli 2001, in The Promise of FIRST

o @i’
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Fic 5.1.— False colonr images of the simulated skv in the nine frequency channels of Planck, after subtraction
of the monopole and dipole CMB components. From top left to bottom right: 30, 44, 70, 100, 143, 217, 353, 545,
and 857 GHz channels.
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Detailed characterization of Galactic

diffuse components

1. Synchrotron: pattern, spectral
behaviour

2. Free-free: its relevance in
patticular close to the Galactic plane

3. Thermal dust: cold, warm
components

4. Anomalous emission (spinning
dust?)

5. (?) DM annihilation
—> Galactic magnetic fields

(ordered vs turbolent components)
Dust grain properties

Paris, 17-19/7/08
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Polarization: Comparison of radio 1.4 GHz surveys with WMAP

Polarized Intensity

1.4 GHz [Reich et al., in preparation]

Paris, 17-19/7/08 7 WMAP 23 GH

C. Burigana, "CMB & Planck - LFI"
on behalf of LFI Consortium [Page et al. 2000]




Polarization: Comparison with WMAP
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In agreement with WMAP results
at intermediate € (~ 10-100)

within a factor ~ 2 or better,
@ v < of about 40 GHz.
Dust important @ higher v

1.4 GHz new polarization maps
good template of the large scale
synchrotron emission

Burigana et al. 2006, PoS(CMB2006)016
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\PS of Ref. Case (15 rad/m?, —

> 10 GHz

x @ frequency

spectral inde
spectral inde

10 20 30 4G
rotation measure {rad/m<) rotation measure {rad,/m")

Relevance of multifrequency:

Assume “spatial” (i.e. average of cells within beam
& along line of sight) depolarization to be almost the
same at the radio & microwave v

Consider “average” Faraday depolarization at APS

but the parameter Space’™
level

compatible with observations

Assume a possible steepening of synchotron e :
P p 5 Y within a certain: factor decreases

frequency spectrum above a certain v

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"
on behalf of LFI Consortium




DM annihilation & synchrotron?

Modelling synchrotron emission

by DM annihilation Indirect Detection

' Gamma Rays
*Dark matter may consist of some new y Observatories
particle X s
*(SUSY) provides a good candidate .( .
*neutralino X, . -”/J y * Synchrotron
* lightest supersymmetric stable particle, ‘o - Radiation
*|linear combination of higgsino, Z-ino photino
tates : Boal  PLANCK, SKA
* fermion o
WIMP Neutralinos in the Emission
Galactic Halo or in Excess
Clumps

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"

on behalf of LFI Consortium




Simulation of Clumps at Detectability of Clumps

Planck Frequencies
e Comparison with Sync. Emission in the
* Model of DM Clumps Reference Sky Model plus Planck noise.

 Spectrum of Neutralinos from DarkSUSY < Simple detection mechanism: localized
software excess of emission respect to the
neighbor background (open photometry).

I — . .
Diffusion of electrons in the Galactic « Forzimpisdetaetion, detecton

Magnetic field probability between 70% and 90% at 44
e Brightness integral of Sync. Emission GHz
« Work by Blasi et al. 2003 e Much lower at 30 GHz and 70 GHz.

Detectable zones at 44 GHz

120 Signal/inoise fluct.

Paris, 17-19/7/08

—
T~ C. Burigana, "CMB & Planck - LFI"
(/ASF i . \@'ﬁl on behalf of LFI Consortium
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Galactic sources

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"
on behalf of LFI Consortium
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NGC 7027
1000

1 1 111K
10" 10° 10° 10* 10°
A(um)

F1G 5.5, The SED of the voung planetary nebula NGC 7027 (reproduced from Hoare, Hoche and Clegg, 1992),
Thermal emission from dust dominates the IR-mm part of the spectrum, while the contribution of free-free emission
from the ionized envelope is evident in the radio.

Paris, 17-19/7/08

—
T~ C. Burigana, "CMB & Planck - LFI"
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v [GH=z]
10 10 10

10%'em™® «— DBP (1990)

4 = 1 {}Eﬂcm——z -
q - ]
10° L WNM
= - i

Draine (1998) >

MC

! Lia o aaaal 1 Lol 1 Lo vl 1

1071 1 10!
A [mm]

F1o 5.4.— Predicted dust emissicn from interstellar clonds. In the far-infrared part of the spectrum, solid lines
indicate the predicted thermal dust emission for hvdrogen column densities 1029 and 1021 cin—2 (Désert, Boulanger.
Puget 1990}, At longer wavelengths, predictions for spinning dust emission from the warm neutral medium and
molecular clonds are shown for colnmn density 102% em ™2 (Draine and Lazarian 1998). The dotted lines are o2 B, (T7)
spectra at temperatures 10 K (lower curve) and 17K, The red curve indicates the predicted sensitivity of Planck (1o
in one vear).

'_'l.
o
I
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Solar System Science

NUMEER OF DETECTAEBLE MaIN BELT ASTEROIDS®

Rjd Differential Number  Cumulative Number®
1-2 %107 200 307
23 <1077 76 0%
34 1077 15 22
45 %1077 L, 4 7
Rid=5=10""........ 0 3

* The lower threshold considered here for astercid detection is set to a radins
to distance ratio B/d ~ 1077, derived hy assuming a typical asteroid
temperature of ~ 150 K and by taking into account the Planck sensitivity
at different channels (see Cremonese et al. 2003 for details),

" The cumulative number is computed at the lower limit of the range listed
for the differential number.

- —— Paris, 17-19/7/08
% . Buri "CMB & Planck - LFI"
—— . @_ﬁ| C. Burigana, "CMB & Planc
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FIRAS Spectra

" Yearl y Averaged Data ,
100.00 F + e
o E o+ & .".- 3
- a i
[ ] 7]
= 10.00F E
= E E
Z1E wit arnc. g
o | ]
g TF. "
c L
o]
£ o.0f _ 3
0.01 . i |1
10 100 1000

Wavelength (um)
Fixsen, Dwek, 2002 AplJ, 578, 1009

WG Meeting - 16 Jan 2007— Catania - ltaly — EU Maris, Burigana. - ZLE and Planck 7 &

ZLE COBE/DIRBE MAP : o
Two Components Signal F(P)

f = Frequency (857 GHz, 550 GHz, ...)

Pointing N
F(P,R)=E.Z (P,R,) +G.(P) +n
L

12 um, ecliptic projection

H~ 10 deg -
Planck Position
Ecliptic

—4 1CC1U1 4 b vt \ -
Emissivity Correction Galaxy

Function of size distribution

. . Spatial Pattern
and grains properties

Kelsall et al. (1998) E(Smooth) ~ 0.5 Black Body el'mssmn'
15,000 My /5 _ 40000 averaged for grains spatial
e - . - :
EI-(SCCOI]ddl y) ~ 1+0.2 den51[y
WG7 Meeting - 16 Jan 2007- Catania - Italy — EU Maris, Burigana. - ZLE and Planck 4 4 WG7 Meeting - 16 Jan 2007- Catania - Italy - EU Maris, Burigana. - ZLE and Planck 8
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Multifrequency Galaxy v.z. ZLE
353GHz ~ 545GHz  857GHz

IRatlic

witude de
LAVLE [RALUR :u.E

WG/ Meeting - 10 Jan 200 /— Catania - way — cu miures, purigana. - ZLE and Planck 13 Q>
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Effect of Calibration Error

857 GHz
0.2 2— ‘ I ,’ T _'::‘
Seasonal Modulation and Detection
o.1F e J
ES [~ - i R 3
Gf(tl) North Gf(ti ) % - RS -~
D Ecliptic a0 .
Usg b Pole i ]
aﬂﬁ' -0.2 — e 3
i . :
Inter-Planetary Dus ' y 10 e 1000
nter-Planetary Dust | | G.. Miyisr
Particles Cloud (IPDP) .
WGT Meeting - 16 Jan 2007- Catania - ltaly - EU Maris, Burigana. - ZLE and Planck 27 0
- Relative Accuracy on Ef
(2deg patches)
857 GHz 545 GHz 353 GHz
> 7 Expected Ef 0.6 0.3 0.1
‘ — Noise 0.15% 0.80%  2.40%
II > Iz Il < : Pointing RMS-1arcmin 002% 0.03% 0.10%
— : | / ' — Calibration RMS-1% 4% 10% 23%
RMS~0.1% 0.4% 1% 2.0%
WG7 Meeting - 16 Jan 2007- Catania - ltaly - EU Maris, Burigana. - ZLE and Planck 15

(1sigma, and per patch)

WGT Meeting - 16 Jan 2007- Catania - ltaly - EU Maris, Burigana. - ZLE and Planck 26
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Planck is now under CSL tests

Requirements sensitivity have been essentially
tecovered during calibration tests

Systematics are under control

DPCs & ground segment wotks — recently, teviews
have been catried out for LEI & HFEI

Instrument & DPC teams, WG & CT structures are
intensively working!
So ... the future will be bright for

CMB & cosmological “main’’ science

Galactic & extragalactic “secondary” science

Paris, 17-19/7/08
C. Burigana, "CMB & Planck - LFI"
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Thanks for your attention!

® [ warmly acknowledge the Planck Collaboration

— this talk is based in many parts on

astro-ph/0604069

| . The SciefiifiC Progfamme

Planck (http:/ /www.rssd.esa.int/Planck) is an ESA
project with instruments funded by ESA member
states (in particular the PI countries: France and Italy),

and with special contributions from Denmark and
NASA (USA). Paris, 17-19/7/08
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