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OutlineOutline
DescriptionDescription ofof PlanckPlanck

MainMain partsparts
PerformancePerformance

MainMain differencesdifferences betweenbetween PlanckPlanck & WMAP& WMAP
APS APS sensitivitysensitivity
ScanningScanning strategystrategy & & systematicssystematics
DPC & DPC & separationseparation of CMB of CMB fromfrom foregroundsforegrounds
CosmologicalCosmological implicationsimplications

ParametersParameters
Some examples: inflation, DE, adiabatic/isocurvature perturbatioSome examples: inflation, DE, adiabatic/isocurvature perturbationsns

FromFrom cosmologycosmology toto “astrophysical cosmology”“astrophysical cosmology”
ReionizationReionization
SZSZ

Astrophysics: ExtragalacticAstrophysics: Extragalactic sourcessources
AstrophysicsAstrophysics: : GalacticGalactic componentscomponents & & SolarSolar System System studiesstudies
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A A PlanckPlanck viewview
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LFI LFI viewview –– I I 



5

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

on behalf of LFI Consortium                             

LFI LFI viewview –– IIII
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HFI HFI viewview –– I I 
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HFI HFI viewview –– IIII
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PlanckPlanck telescopetelescope
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LaunchLaunch & & 
orbitorbit

LissajousLissajous
aroundaround L2L2
New transfer New transfer 
phasephase shortershorter
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WMAP:  2 WMAP:  2 telescopestelescopes, , skysky--skysky differencedifference, , radiometersradiometers
onlyonly

PlanckPlanck:  :  1 1 telescopetelescope,, skysky--skysky differencedifference & & skysky--referencereference
differencedifference, , radiometersradiometers & & bolometersbolometers

CryogenicsCryogenics muchmuch more aggressive more aggressive for for PlanckPlanck inin orderorder toto
achieveachieve sensitivitysensitivity
bolometerbolometer work work conditioncondition
radiometerradiometer 4K 4K referencereference loadload temperature temperature 

WMAP “WMAP “intrinsicallyintrinsically” more ” more stablestable
PlanckPlanck stabilitystability largelylargely reliesrelies on on thermalthermal stabilitystability

MainMain differencesdifferences betweenbetween PlanckPlanck & WMAP & WMAP –– II
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WMAPWMAP
23, 33, 41, 61, 94 23, 33, 41, 61, 94 GHzGHz
0.88, 0.66, 0.51, 0.35, 0.22 0.88, 0.66, 0.51, 0.35, 0.22 degdeg ((beambeam solidsolid angle)angle)1/2 1/2 ~~ FWHMFWHM
2020--30 30 uKuK on 20’on 20’ sideside

PlanckPlanck
30, 44, 70 30, 44, 70 GHzGHz ((LFILFI),  100, ),  100, 143, 217, 353, 545, 857143, 217, 353, 545, 857 GHzGHz ((HFIHFI) ) 

HFI HFI coveragecoverage of high of high frequenciesfrequencies !!
35, 26, 13,                      9.2,   7.1,   5,    5,     5,  35, 26, 13,                      9.2,   7.1,   5,    5,     5,  5    5    arcminarcmin (FWHM)(FWHM)
8,    8,   8,                       2.1,  1.4,   2.2,  6.7,  67,8,    8,   8,                       2.1,  1.4,   2.2,  6.7,  67, 3050  uK on 30’3050  uK on 30’ sideside

fromfrom 3 3 toto 10 10 timestimes sensitivitysensitivity improvementimprovement
betterbetter resolutionresolution, , betterbetter frequencyfrequency coveragecoverage
essentiallyessentially cosmiccosmic variancevariance / / astrophysicalastrophysical limitedlimited in T in T 

MainMain differencesdifferences betweenbetween PlanckPlanck & WMAP & WMAP –– IIII
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MainMain differencesdifferences betwenbetwen PlanckPlanck & WMAP & WMAP –– IIIIII

LFI LFI willwill makemake alsoalso
““absoluteabsolute” ” measuresmeasures, , 
withinwithin 4K 4K referencereference

loadsloads sensitivitysensitivity
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APS & APS & correspondingcorresponding errorerror
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TT, EE, BB, TE TT, EE, BB, TE modesmodes
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BeamBeam (& (& thenthen window window functionfunction) ) 
reconstructionreconstruction in flight through in flight through planetplanet transitstransits
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TE (cross) TE (cross) modesmodes
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EE EE polarizationpolarization modesmodes
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BB mode BB mode 
detectiondetection
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GenerallyGenerally ……

PlanckPlanck couldcould in in principleprinciple detectdetect primordialprimordial B B modesmodes
forfor T/S T/S aboveabove ~ ~ 0.1 0.1 –– (some (some ×× 0.01)0.01)
B mode B mode inducedinduced byby lensinglensing @ high l @ high l willwill bebe identifiedidentified

In In orderorder toto getget infoinfo on B on B modesmodes down down toto lowlow T/S T/S 
valuesvalues ((BB--PolPol goal) and on goal) and on detailsdetails of of cosmologicalcosmological
reionizationreionization wewe needneed extremeextreme sensitivitysensitivity and and excellentexcellent
separationseparation//subtractionsubtraction of of foregroundsforegrounds
(at few % (at few % accuracyaccuracy levellevel @ @ mapmap levellevel
≈ some ≈ some × × 101044 at APS at APS levellevel )  … )  … seesee the the nextnext!!
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SystematicsSystematics & & 
ScanningScanning StrategyStrategy
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ScanningScanning strategystrategy

ScanningScanning StrategyStrategy (SS):(SS): kindkind of SS and SS of SS and SS parametersparameters optimizedoptimized
withinwithin constraintsconstraints toto achieveachieve the best the best scientificscientific output. output. 
CriteriaCriteria::
no or minimal no or minimal systematicssystematics, , maximizationmaximization of  of  skysky coveragecoverage ((allall--skysky),  ),  
optimizationoptimization of  data of  data analysisanalysis: : 
NominalNominal oror SlowSlow (P=6 months=P_orbit)(P=6 months=P_orbit) SpinSpin AxisAxis PrecessionsPrecessions ((CycloidsCycloids))
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1 1 parameterparameter: angle : angle betweenbetween telescopetelescope LOS & LOS & spinspin axisaxis = 85= 85º º 
This in order to allow a good This in order to allow a good destripingdestriping with all beams for any SS             with all beams for any SS             
(90º is degenerate)(90º is degenerate)

2 parameter: spin axis spacing between 2 parameter: spin axis spacing between repointingsrepointings:  2’/48 min:  2’/48 min
~~NyquistNyquist for HFI for HFI 
# # manoevresmanoevres safely enough for 4 surveyssafely enough for 4 surveys

CycloidsCycloids withwith semisemi--aperture≥7aperture≥7.5.5 degdeg allowallow allall--skysky coveragecoverage
CycloidsCycloids can can bebe ““adjustedadjusted” in ” in initialinitial conditionsconditions toto optimizeoptimize some some 
data data analysisanalysis procedure, e.g.:procedure, e.g.:

ChangeChange of the of the orientationsorientations of the of the samesame beambeam in the in the subsequentsubsequent surveyssurveys toto
monitor monitor polarizationpolarization
OptimizationOptimization of of dayday--byby--dayday LFI LFI calibrationcalibration withwith dipoledipole
Etc.Etc.

PossiblePossible con of con of cycloids vs nominal:cycloids vs nominal:
ExternalExternal straylightstraylight

Pro of Pro of cycloids vs nominal:cycloids vs nominal:
betterbetter removalremoval of 1/f of 1/f noisenoise through through mapmap--makermaker//destriperdestriper
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StraylightStraylight
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StraylightStraylight contaminationcontamination byby the the GalaxyGalaxy: : 
precise precise scientificscientific impact impact evaluationevaluation

feedback feedback opticaloptical optimizationoptimization//tradetrade--offoff
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StraylightStraylight contaminationcontamination byby the the cosmiccosmic dipoledipole
ImplicationsImplications: : lowlow multipolesmultipoles, , calibrationcalibration, SS?, SS?
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1/f 1/f noisenoise

~~
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PlanckPlanck deepdeep fieldsfields
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PlanckPlanck DPCsDPCs
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PlanckPlanck SkySky Model / Model / ForegroundsForegrounds vsvs CMBCMB

Microwave sky = CMB + foregrounds
it is necessary to understand
& subtract Galactic
& extragalactic foregrounds

in order to recover
CMB anisotropies & 
cosmological parameters
at ultimate Planck sensitivity
(≅cosmic variance in TT)

foreground studies & 
Comp. Sep. Techniques

multifrequency
approach
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PlanckPlanck 4 4 surveyssurveys vsvs nextnext generation (e.g. generation (e.g. BB--PolPol))
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CosmologicalCosmological
implicationsimplications
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GeometricalGeometrical degeneracy(ies) of TT fluctuations, e.g.:degeneracy(ies) of TT fluctuations, e.g.:
MatterMatter density, density, vacuumvacuum energyenergy, curvature, , curvature, forfor modelsmodels withwith
samesame P(k), P(k), ττreionreion, H, H00

22ΩΩcc, H, H00
22ΩΩbb, & , & acousticacoustic peak location peak location 

parameterparameter

Solution(s):Solution(s):
AddingAdding polarizationpolarization

AddingAdding otherother cosmologicalcosmological
informationinformation fromfrom LSS, LSS, SNeSNe, , 
LyLyαα, , ……
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ImplicationImplication forfor inflationinflation
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LargeLarge fieldfield modelsmodels (e.g. Linde ‘83)(e.g. Linde ‘83)

SmallSmall fieldfield modelsmodels
(e.g. Linde ’82, (e.g. Linde ’82, AlbrechtAlbrecht & & SteinhardtSteinhardt ’82)’82)

HybridHybrid modelsmodels

(e.g. Linde ’91; (e.g. Linde ’91; seesee alsoalso LythLyth & & RiottoRiotto ’99)’99)
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Isocurvature Isocurvature vsvs
adiabaticadiabatic

modesmodes
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ImplicationImplication forfor Dark Dark EnergyEnergy
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TowardsTowards
““astrophysicalastrophysical

cosmologycosmology””
withwith CMBCMB

--
EE mode & mode & 

ReionizationReionization
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ττ_reion_reion ≥ 0.06≥ 0.06
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WMAP 1yr WMAP 1yr vsvs 3yr3yrWMAP 3 WMAP 3 yryr: : ττ
forfor the 4 the 4 casescases

(WMAP (WMAP onlyonly –– AllAll data;data;
ΛΛCDM CDM –– ΛΛCDM + CDM + run)run)

ττbest best fitfit ~ 0.07 ~ 0.07 –– 0.10.1
∆τ∆τ ~ ±0.03~ ±0.03

WMAP 5 WMAP 5 yryr: : ττ

WMAPWMAP only         only         ~~AllAll datadata

ΛΛCDM    0.087CDM    0.087±± 0.017     0.0940.017     0.094±± 0.016 0.016 

ΛΛCDM + CDM + runrun 0.0920.092±± 0.018    0.098+0.0170.018    0.098+0.017–– 0.0180.018

forfor the 4 the 4 casescases reportedreported herehere
ττbest best fitfit ~ 0.087 ~ 0.087 –– 0.098      0.098      ∆τ∆τ ~ ±0.017~ ±0.017
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RadiativeRadiative feedback from feedback from reionizationreionization
The increase of temperature in ionized region leads to a dramatiThe increase of temperature in ionized region leads to a dramatic c 
suppression of the formation of lowsuppression of the formation of low--mass galaxies.mass galaxies.

Suppression model (CF06): radiativeradiative feedback is effective in dark feedback is effective in dark 
matter haloes with circular velocity below a critical value matter haloes with circular velocity below a critical value vvcritcrit~ (2k~ (2kBBT/T/µµmmpp) ) 
where T is the average temperature of ionizing regions [~ 30 km/where T is the average temperature of ionizing regions [~ 30 km/s for s for 
T=3x10T=3x1044 K]K]

Filtering model (G00): the average baryonic mass within haloes in the average baryonic mass within haloes in 
photoionizedphotoionized regions is a fraction of the universal value regions is a fraction of the universal value ((GnedinGnedin 2000)2000)::

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

33/1 ]/)12(1[
/

MMM
M

C

mbb

−+
ΩΩ

=

RadiativeRadiative feedback from feedback from reionizationreionization
has important consequences on structure formationhas important consequences on structure formation
Different prescriptions for cosmic Different prescriptions for cosmic radiativeradiative feedback feedback 
produce different produce different reionizationreionization historyhistory
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ReionizationReionization modelmodel
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:

• PopIII stars: Salpeter IMF but metal free (Schaerer 06)
• PopII stars: Salpeter IMF, Bruzual & Charlot
• Quasars: important for z<6

• Chemical feedback governs the transition from PopIII to 
PopII stars (Zcrit=10-5+/-1 Zsun): the two populations are coeval 
and PopIII stars can form also at relatively low-z.
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ObservablesObservables interpretedinterpreted byby the the modelsmodels
(a) the volume(a) the volume--averaged electron and HI fraction. The arrows show an averaged electron and HI fraction. The arrows show an 
observational lower limit from QSO absorption lines at z=6 and uobservational lower limit from QSO absorption lines at z=6 and upper limit from pper limit from 
LyLy--alpha emitters at z=6.5alpha emitters at z=6.5
(b) the cosmic star formation history, with the contribution of (b) the cosmic star formation history, with the contribution of Pop III and Pop II Pop III and Pop II 
stars. Observational data are taken from the compilation of stars. Observational data are taken from the compilation of NagamineNagamine et al. et al. 
(2004)(2004)
(c) the number of source counts above a given (c) the number of source counts above a given redshiftredshift, with the observational , with the observational 
upper limit from NICMOS HUDF (upper limit from NICMOS HUDF (BouwensBouwens et al. 2005)et al. 2005)
(d) the electron scattering optical depth, with observational co(d) the electron scattering optical depth, with observational constraints from 3nstraints from 3--yr yr 
WMAP data WMAP data 
(e) Ly(e) Ly--alpha effective optical depth with data from alpha effective optical depth with data from SongailaSongaila (2004) (2004) 
(f) Ly(f) Ly--beta effective optical depth with data from beta effective optical depth with data from SongailaSongaila (2004}(2004}
(g) the evolution of Lyman(g) the evolution of Lyman--limit systems with observational data from limit systems with observational data from StorrieStorrie--
Lombardi et al. (1994)Lombardi et al. (1994)
(h) (h) photoionizationphotoionization rates for neutral hydrogen, with estimates from numerical rates for neutral hydrogen, with estimates from numerical 
simulations simulations -- points with points with errorbarserrorbars, Bolton et al. (2005), Bolton et al. (2005)
(i) temperature evolution of the mean density IGM, with observa(i) temperature evolution of the mean density IGM, with observational data from tional data from 

SchayeSchaye et al. (1999)et al. (1999)
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ReionizationReionization
history and history and 

temperaturestemperatures
[temperature of [temperature of 

gas: gas: 
kinetickinetic

(for CMB)(for CMB)
& & 

spinspin
(for 21 cm) & (for 21 cm) & 
CMB temp.CMB temp. ]]

Reionization
history

Gas
temperature
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CMB CMB anisotropyanisotropy signalsignal
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CMB signal (TT, TE): CMB signal (TT, TE): detectabilitydetectability

cosmic variance
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CMB signal (EE): CMB signal (EE): detectabilitydetectability

0.01

0.1 x foreground @ APS level

0.03
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WMAP “marginally supports” models closer to the WMAP “marginally supports” models closer to the 
suppression model (suppression model (ττ~0.09)~0.09)

PlanckPlanck with its with its sensititivysensititivy
in polarization could firmly in polarization could firmly 
discriminate among different discriminate among different 
radiativeradiative feedback models, feedback models, 
together with future together with future 
21cm observations 21cm observations 

Foregrounds should be subtracted at % level in the APS Foregrounds should be subtracted at % level in the APS 
(EE mode) (~10% at map level) to firmly discriminate (EE mode) (~10% at map level) to firmly discriminate 
between the suppression and the filtering model between the suppression and the filtering model 
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ClustersClusters & & thermalthermal & & kinetickinetic SZ SZ effecteffect
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NB: NB: 
~ ~ nullnull thermtherm SZ SZ effecteffect @ 217 @ 217 GHzGHz,,
one of the HFI one of the HFI frequencyfrequency channelschannels

decrementdecrement @ @ lowerlower frequenciesfrequencies
excessexcess @ @ higherhigher frequenciesfrequencies
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UpUp--datedate estimate: estimate: aboutabout 5000 new 5000 new clustersclusters withwith PlanckPlanck
usingusing itsits multifrequencymultifrequency
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ExtragalacticExtragalactic radiosourcesradiosources
detection/detection/extractionextraction

MethodsMethods testedtested on on realreal data!data!
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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 –

Simple Blind Detection (SB): Non-Blind Detection (NB)

Divide the sky into flat patches
Filter with the MHW2 
Detect objetcs SNR > 5 and estimate S
Make histogram of the fluxes of sources
Flag area around 5% brightest sources
Flag a border around the patch
Estimate noise from unflagged pixels

Using a list of known positions:
For every object, a patch centered in 
this posiiton is obtained
Filter with the MHW2 
Detect objetcs SNR > 5 and estimate S
Make histogram of the fluxes of sources
Flag area around 5% brightest sources
Flag a border around the patch
Estimate noise from unflagged pixels
ONLY in a CORONA around the object

Combined Blind (CB): First a SB and Second a NB  in the Positions of the SB

M. López-Caniego Cavendish Laboratory University of Cambridge

courtesy M. Lopez-Caniego et al.
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Areas with σpixel > 1.5 σmedian have been excluded.

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

In the region covered by NEWPS, WMAP has 388 PS:  356 SNR >5 and 32 SNR < 5

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

We recover the 64 objects of Chen & Wright (08) and the objects by Nie & Zhang (07)

Summary of the properties of the NEWPS-5yr 5σ catalogue

M. López-Caniego Cavendish Laboratory University of Cambridge
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M. López-Caniego Cavendish Laboratory University of Cambridge

NEWPS-5yr Number Counts

courtesy 
M. Lopez 
Caniego
et al.
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ExtraExtra--
galacticgalactic
radioradio--

sourcessources
(LFI)(LFI)
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ExtragalacticExtragalactic
farfar--IRIR

sourcessources
(HFI)(HFI)



83

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

on behalf of LFI Consortium                             

GalacticGalactic diffuse diffuse 

foregroundforeground mapsmaps
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DetailedDetailed characterizationcharacterization of of GalacticGalactic
diffuse diffuse componentscomponents

1. 1. SynchrotronSynchrotron: pattern, : pattern, spectralspectral
behaviourbehaviour
2. 2. FreeFree--freefree: : itsits relevancerelevance in in 
particularparticular closeclose toto the the GalacticGalactic planeplane
3. 3. ThermalThermal dustdust: : coldcold, , warmwarm
componentscomponents
4. 4. AnomalousAnomalous emissionemission ((spinningspinning
dustdust?)?)
5. (?) DM 5. (?) DM annihilationannihilation

GalacticGalactic magneticmagnetic fieldsfields
((orderedordered vsvs turbolentturbolent componentscomponents))

DustDust graingrain propertiesproperties
ISM ISM historyhistory
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SynchrotronSynchrotron PolarizationPolarization
infoinfo fromfrom radio radio surveyssurveys

infoinfo fromfrom WMAPWMAP

RelevanceRelevance of of PlanckPlanck
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WMAP 23 GHz
[Page et al. 2006]

Polarization: Comparison of radio 1.4 GHz surveys with WMAP
Polarized IntensityPolarized Intensity

Polarization Angle Polarization Angle + 90°

1.4 GHz [Reich et al., in preparation]
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Polarization: Comparison with WMAP

In agreement with WMAP results
at intermediate ℓ (~ 10-100)
within a factor ~ 2 or better, 
@ ν ≤ of about 40 GHz. 
Dust important @ higher ν

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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RelevanceRelevance of of multifrequencymultifrequency::

certainlycertainly at at higherhigher frequencyfrequency the the 
accuracyaccuracy on on synchrotronsynchrotron degradesdegrades,,

butbut the “the “parameterparameter space” space” 
compatiblecompatible withwith observationsobservations

withinwithin a a certaincertain factorfactor decreasesdecreases

““AveragedAveraged” ” FaradayFaraday depolarizationdepolarization vsvs
spectralspectral indexindex steepeningsteepening

Assume Assume ““spatialspatial”” (i.e. (i.e. averageaverage of of cellscells withinwithin beambeam
& & alongalong line of line of sightsight) ) depolarizationdepolarization toto bebe almostalmost the the 
samesame at the radio & at the radio & microwavemicrowave νν
ConsiderConsider ““averageaverage”” FaradayFaraday depolarizationdepolarization at APS at APS 
levellevel
Assume a Assume a possiblepossible steepeningsteepening of of synchotronsynchotron
frequencyfrequency spectrumspectrum aboveabove a a certaincertain νν
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DM DM annihilationannihilation & & synchrotronsynchrotron??
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GalacticGalactic sourcessources
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SolarSolar System System ScienceScience
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ZLE ZLE withwith PlanckPlanck
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ConclusionsConclusions
PlanckPlanck isis nownow underunder CSL CSL teststests
RequirementsRequirements sensitivitysensitivity havehave beenbeen essentiallyessentially
recoveredrecovered duringduring calibrationcalibration teststests
SystematicsSystematics are under controlare under control
DPCsDPCs & & groundground segmentsegment worksworks –– recentlyrecently, , reviewsreviews
havehave beenbeen carriedcarried out out forfor LFI & HFILFI & HFI
InstrumentInstrument & DPC & DPC teamsteams, WG & CT , WG & CT structuresstructures are are 
intensivelyintensively working!working!
So … the future So … the future willwill bebe brightbright forfor

CMB & CMB & cosmologicalcosmological ““mainmain” ” sciencescience
GalacticGalactic & & extragalacticextragalactic ““secondarysecondary” ” sciencescience
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Thanks for your attention!
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