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Credits: Planck Collaboration & ESA

Planck satellite

= 3rd CMB satellite, in operation from
2009 to 2013

= Two instruments (on the same focal
plane) with different detector teconlogies
(radiometers at low freqs vs. bolometers e
ath high freqs) “

= 9 frequencies (30-897 GHz), 7 polarized

= 3 data release:

% 2013: HFl and LFI total intensity data from 15.5 months
% 2015: HFl temperature and small scale polarization (29 months) + LFl temperature
and polarization (48 month)

* 2018 (Legacy): Full datasets from HFl and LFI

70 GHz s

100 GHz iR, 143 GHz 217 GHz

545 GHz 857 GHz




Planck legacy power spectra

Adapted from Planck Colaboration 2018,V and X
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Qbhz Barion density
2 Dark-matter

Qch density

1 OO 9 Acoustic scale

T Optical depth

to relonization

10 Scalar perturbation
In(10"A))

aplitude

nS Scalar spectral index

0.002237 = 0.00015

0.12 £ 0.0012

1.04092 = 0.00031

0.0544 = 0.0073

3.044 £ 0.014

0.9648 £ 0.0042

Planck Collaboration 2018, VI

0.7 %
1 %

0.03 %
13 %

0.7 %
0.4 %



Plaan ACDM pa ra meters Planck Collaboration 2018, VI

Qbhz Barion density 0.002237 = 0.00015 ()7 %
2 Dark-matter 0.12 = 0.0012
Qch density 1 %
1006 Acoustic scale 1.04092 + 0.00031 003 %
10 Scalar perturbation
In(10 AS) solitude 3.044 +0.014 0.7 9%

nS Scalar spectral index 0.9648 + 0.0042 ()4. %



Optical depth to reionization
T = | n,(t)o;dt

= |n total intensity the effect is to dump 0.08
the fluctuations inside the horizon - — 103 §_/\"’\
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Planck large scale maps (2015)

2015

7

01

= Foreground cleaned 2015
polarization large scales maps

(unpublished)

= High dipole residual due to
[ — P leakage

143

d(t) = K |1G3) + cos (2a()) Q(A) + sin (2a()) UG | + n(»

credits: Planck Collaboration and L. Pagano



Planck large scale maps (201 8)

Srolll

= Systematic effects reduced
thanks to the inclusion of time
variation in the timestream Sroll1
calibration o

143

credits: Planck collaboration and L. Pagano



SRoll2 large scale map

Sroll2

100

= Better modeling of ADC non-
linearity in the map-making

= Better foreground modeling

143

Pagano etal. 2019
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Current and future CMB observations
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Current constraintonr :
(amplitude of primordial B-modes)

r<0.06 (95% C.L)

from BICEP2/Keck + WMAP/Planck
Bicep2/Keck array collaboration 2018
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Current and future CMB observations
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Current and future CMB observations

= From ground:
Simons Observatory (2022)

* 3 SAT(0.5m), 1 LAT(6m)
* frequency coverage: 27-280 (6 bands)
* sky coverage: 10-40%

x ¢ 2> 30
* baselineonr: o(r) ~ 0.003

= From space:

o New cool LB
LiteBIRD (2027) logo

* full sky coverage |Canny¢::tshow

x¢ < 200

* 15 frequency bands 40-400
x forecastonr: 6(r) ~ 0.6 X 1073

Variance in CMB map [1K?]
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Snapshot on LiteBIRD
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= | B will be the only experiment having access to the very large scales, fundamental for a relihable
reconstruction of the primordial B-mode spectrum

= With upper limit » < 0.001 Starobinsky-like inflation would be ruled out

= Cosmic variace limited measurment of T, allowing tight constraint on 2 m,



CMB Polarized Foregrounds
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FOREGROUND AWERNESS TIMELINE
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Foreground contamination to B-modes
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Component separation

bias << statistical residuals

this is what we
are looking for

bilasonr

sigma(r=0)<0.00057

4|—>

# of independent patches
credits: J. Errard



Foreground studies
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and reliable component separation
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Conclusions

= CMB is probably the most powerful tool we have to study the history
and evolution of our Universe

= CMB observations have already allowed to constrain with impressive
precision cosmological parameter

= butalotstill needs to be unvailed

= This decade will be fundamental especially to put contraints on
inflation thourgh CMB polarizations, with singery of ground based
and satellite experiments

= Challanges are huge (systematics and foregrounds) but we are ready to
face them! Stay tuned!



