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“Main questions.
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B Why is polarization so inferesting?

B Why is polarization so difficult
to measure?

B What did we learn from Planck?




‘Ifis inferesfing becauseX.

It encodes unique information about
the history of the universe
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It encodes unique information about
the history of the universe

B Reionization history
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It encodes unique information about
the history of the universe

B Reionization history

B Primordial gravitational waves
(inflation)




Itis difficulf ‘because.... '

Polarization is a tiny fraction
of a tiny signal




fis difficulffbecause... &

Polarization is a tiny fraction
of a tiny signal

B We need sensitivity
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Polarization is a tiny fraction
of a tiny signal

B We need sensitivity

B Systematic effects and foregrounds
can be Kkillers




“From Planck.we learned... =

Know your insfrument
and
KNOwW your SKy
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Know your sky

YT ———— @n 150 GHz
estimated from Planck 353 data




“For fhe next 20 minutes..

Let's roll back and
iell the sjory behina
these lessons
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Quadrupoldr. anisofropy

8 Thomson scattering polarizes

Incident incident radiation

radiation




“Quadrupolar.anisofropy: . « =

B Thomson scaftering polarizes
incident radiation

Quadrupolar
anisotropy

B Quadrupolar anisotropy «
partial polarization in CMB




Scalar pertfurbations

B Generated by variations
in the plasma density

B Symmetric phofon
anisofropy




Scalar, and fensor perfurbations

Tensor perfurbations

B Generated by gravitatio-
nal waves stretching
space-time
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The B-mode level scales with

fhe tensor-to-scalar ratio, r
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Reionization peak
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How. Planck medsures polarization




How. Planck medsures polarization

Rotated
by 45°




~How_ Flanckimedsures polarizafion
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“Systematic effects

Optical Beam ellipticity / cross polarization
Sidelobes (Earth, Sky pickup)
Polarization | — Q/U leakage

Q — U leakage

Noise and stability

1/f noise
Thermal stability
Cosmic ray hits
Time constants

Pointing

Pointing uncertainties

Electronics

ADC non linearities
DC spurious signals




Systematic effects = HFI_

HFI known effects corrected in data
processing




SySTemc'rl)c eff ecTs HFI

HFI known effects corrected in data
processing

B ADC non linearity

B 4 K cooler electronics

B Cosmic ray glifches (removal
improved by the beftter
understanding of the long time
constants)

B Near and far sidelobes
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: No correction

5‘> With correction

Gain half difference [1077]
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ADC correction
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Signal [peak units]
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Short glitches effective to characterize bolometer time
constants to a level better than 107

Glitch removal improved from much better knowledge of
bolometer time constants

E —— short glitch — Jupiter
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8 Main beam reconstruction extended from 40' to 100' o
account for fraction of near sidelobes




8 Main beam reconstruction extended from 40' to 100' o
account for fraction of near sidelobes

B For sidelobes simulated with GRASP and estimated effect
on window function




window function

The uncetainties are
larger than the cor-
rection except at large
angular scales.
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Source Control/Removal

Bias fluctuations . . .
Thermal fluctuations .

Main beam ellipticity
Near sidelobes . . . ..
pickup

Far sidelobes pickup .

Analogue-to-digital .
converter non linearity

Imperfect photometric
calibration

Bandpass asymmetries

Polarization angle . .
uncertainty

Orthomode transducer
cross-polarization

Effects independent of sky signal (T and P)
Phase switch imbalance . ...... Diode weighting . ...............
RFamplifiers. ... ........... Pseudo-correlation and destriping . . ..
RF amplifiers, back-end electronics Pseudo-correlation and destriping . . . .
4K, 20K and 300K thermal stages Calibration, destriping ............

Back-end electronics . ........ Template fitting and removal . . ... ...

Effects dependent on the sky signal (T and P)

Mainbeams. .. ............. Accounted for in window function . ..
Optical response at angles . . . . .. Masking of Galaxy and point . ......
< 5° from the main beam sources

Main and sub-reflector spillovers .  Model sidelobes removed from timelines

Back-end analogue-to-digital ... Template fitting and removal . . ... ...
converter

Sidelobe pickup, radiometer noise ~ Calibration using the 4 K reference . ..
temperature changes and other load voltage output
non-idealities

Uncertainties in pointing reconstru- Negligible impact. .. .............
ction, thermal changes affecting anisotropy measurements
focal plane geometry

Effects specifically impacting polarization

Differential orthomode transducer ~ Spurious polarisationremoval . . . . . ..
and receiver bandpass response

Uncertainty in the polarization .. Negligibleimpact. .. .............
angle in-flight measurement

Imperfect polarization separation.  Negligible impact. .. .............
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Effect Source Control/Removal

Effects independent of sky signal (T and P)

White noise correlation Phase switch imbalance . ... ... Diode weighting . ...............
1/fnoise . ........ RF amplifiers. .............. Pseudo-correlation and destriping . . ..
Bias fluctuations ...  RF amplifiers, back-end electronics Pseudo-correlation and destriping . . . .

Thermal fluctuations. 4K, 20K and 300K thermal stages Calibration, destriping ... .........

1Hz spikes ....... Back-end electronics . ........ Template fitting and removal . . ... ...

Effects dependent on the sky signal (T and P)

Main beam ellipticity = Mainbeams. ............... Accounted for in window function . ..
Near sidelobes . . . . . Optical response at angles . . . . .. Masking of Galaxy and point . ......
pickup < 5° from the main beam sources

Far sidelobes pickup .  Main and sub-reflector spillovers .  Model sidelobes removed from timelines

Analogue-to—dlglResults not pu bllc yet ing and removal . . . ... ..

converter non linc._~_ ;= —_ " T

Imperfect photometric ~ Sidelobe pickup, radiometer noise ~ Calibration using the 4 K reference . . .

calibration temperature changes and other load voltage output
A
Pointing ......... Uncertainties in pointing reconstru- Negligible impact. .. .............
ction, thermal changes affecting anisotropy measurements
focal plane geometry

Effects specifically impacting polarization

Bandpass asymmetries  Differential orthomode transducer ~ Spurious polarisationremoval . . . . . ..
and receiver bandpass response

Polarization angle ..  Uncertainty in the polarization .. Negligibleimpact................
uncertainty angle in-flight measurement

Orthomode transducer  Imperfect polarization separation.  Negligible impact. .. .............
cross-polarization
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Planck 70 GHz systemotnc effects
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Planck 70 GHz systematic effects
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Planck 70 GHz systemotnc effects
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‘Systematicieffects = LEIL =
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Planck 70 GHz systematic effects
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Planck 70 GHz systemotnc effects
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SysTemc'ﬂc effecTs - LFI

Planck 70 GHz systemotnc effects
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Systemafic effects = LEI.
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70 GHz odd - even yedr maps




Odd = even year specfra.
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In Temperoture

I I | I i | LI |

"': 70 100 143 217 353 545 857

g
& B E
v E :
2 [ i
<
g L —
g =F E
3 - ]
20 :
g
= = ]
o = z
— B Z
O [~ ]
P B _
5 T2:‘

: 1 | | | 1 | | 1 | I |

10 30 100 300 1000

Frequency (GHz)




Foregrounds
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High frequency measurements
key to disentangle dust from
CMB polarization
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[N summary

@ Planck has provided us the most sensitive full sky measure-
ments of the polarized sky
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In_ summary. . .

@ Planck has provided us the most sensitive full sky measure-
ments of the polarized sky

B Systematic effects must be avoided in hardware as much
as possible

B Future insfruments must have built-in systematic effects
control (e.g. the QUBIC inferferometer)
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@ Planck has provided us the most sensitive full sky measure-
ments of the polarized sky

B Systematic effects must be avoided in hardware as much
as possible

B Future insfruments must have built-in systematic effects
control (e.g. the QUBIC inferferometer)

B Polarized foregrounds are probably the most difficult
challenge for the future especially at large scales
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@ Planck has provided us the most sensitive full sky measure-
ments of the polarized sky

B Systematic effects must be avoided in hardware as much
as possible

B Fufure insfrumenis must have buili-in systematic effects
conirol (e.g. the QUBIC interferometer)

8 Polarized foregrounds are probably the most difficult
challenge for the future especially at large scales

B Wide-band, mulfi-frequency observations will be the
key to large-scale, accurate polarization measurements




“In_simple words..i

Know your insfrument
and
KNOwW your SKy
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