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It seems yesterday
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Ten years later
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Yesterday..... and today
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Yesterday..... and today

Planck collaboration et al (2016), A&A 594, A1

Planck Collaboration et al (2020), A&A 641, A1

Tristram et al (2020), arxiv.org/2010.01139 
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The Planck collaboration

HFI
EOL

LFI
EOL

2015
RELEASE

2016
RELEASE

EXTENSION 1
EXTENSION 2

29 months
48 months

EARLY
RESULTS

20122010200820062004200220001998199619941992

COBRAS
& SAMBA

PROPOSALS

COBRAS/SAMBA
SELECTION

LFI & HFI 
CONSORTIA

INSTRUMENT 
LEVEL 
TESTS

CSL
TEST

INSTRUMENT & DPC 
DEVELOPMENT

REDBOOK BLUEBOOK

LAUNCH

2014

2013
RELEASE

NOMINAL  MISSION 15.5 months

START SURVEY

2016 2020

2020
RELEASE



CMB systematics and calibration workshop Kavli IPMU, Kashiwa, Japan, 30 Nov - 3 Dec 2020Aniello Mennella

Outstanding questions

Why is polarization so interesting?

Why is it so hard to measure?

What did we learn from Planck?
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From Planck we learned...

Know your instrument 

and 

know your sky
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(Sensitivity) power is nothing without (systematics and 
foregrounds) control
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Know your sky
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Know your sky
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Know your sky - dust contamination

Planck collaboration et al, 
2016, A&A, 586, A133

BICEP2 observed field

“Dust is everywhere”
C. Lawrence, ca 2009

Contribution to r at 150 GHz and =80 due to dust, extrapolated from Planck 353 GHz dataℓ
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Know your sky – synchrotron is everywhere, too

Krachmalnicoff et al, 2016, A&A, 588, A133

Synchrotron polarization power spectrum at =80 (cross-correlation LFI30 and WMAP-K)ℓ
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Know your sky – synchrotron + dust contamination

Krachmalnicoff et al, 2016, A&A, 588, A133

Limit on r detection at the 
frequency where dust + 
synchrotron is minimum

No region of the sky can be 
considered clean if we aim at 
B-modes detection of r   0.01≲

Controlling foregrounds implies 
to characterize emissions over a 
large frequency interval with 
narrow bandwidths
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Know your instrument

Make it inherently stable and 
test it until it bleeds 
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Know your instrument - The Planck machine

Low Frequency Instrument
Radiometric receiver array 

cooled to 20 K at 
frequencies 

30-44-70 GHz
All polarisation-sensitive
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Know your instrument - The LFI radiometers
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Know your instrument - The LFI radiometers
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Know your instrument - The LFI radiometers

20 K W
G sectio
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Know your instrument - The LFI radiometers

20 K to 300 K
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Know your instrument - The LFI radiometers

300 K back-end module
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Differential design - inherent stability
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Differential design - inherent stability
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Differential design - inherent stability
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Spectra and ring-based null tests
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Know your instrument

Make it inherently stable

The power of zero
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Ring-based null maps
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Survey-based null maps
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Know your instrument

Model the residuals
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The full-glory of LFI systematic effects

Simulation pipeline dedicated to 
systematic effects

Using data and information 
from flight operations and 
ground calibrations

Allowed us to simulate 
timelines, maps and power 
spectra for each systematic 
effect
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Null tests from data and simulations
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Null tests from data and simulations
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Null tests from data and simulations
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The LFI systematic effects dictionary - 30 GHz
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The LFI systematic effects dictionary - 30 GHz

Calibration uncertainty
is dominant
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The LFI systematic effects dictionary - 44 GHz
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The LFI systematic effects dictionary - 44 GHz

Calibration uncertainty
is dominant
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The LFI systematic effects dictionary - 70 GHz
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The LFI systematic effects dictionary - 70 GHz

Calibration uncertainty
is dominant
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Know your instrument

The calibration challenge
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Calibration uncertainties

The uncertainty in the calibration constant turned out to 
drive the final uncertainty

The calibration process couples with all the instrument 
systematic effects

Optical effects (sidelobes) are of particular relevance, in 
particular for polarization
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Polarized foregrounds and calibration

Planck Collaboration (2020), A&A 641, A2
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Polarized foregrounds and calibration

Gain variations between the two radiometers in each 
horn indicate contamination from polarized foregrounds 
=> interative calibration/map-making in which the full 

polarized sky enters the calibration process

Planck Collaboration (2020), A&A 641, A2
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Improvement in survey null tests (30 GHz)
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Improvement in survey null tests (30 GHz)



CMB systematics and calibration workshop Kavli IPMU, Kashiwa, Japan, 30 Nov - 3 Dec 2020Aniello Mennella

Final Planck-LFI release
30 44 70
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Difference with 2015 release
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Conclusions and perspectives

Controlling instrumental effects in CMB B-modes experiments is an 
extraordinary challenge
In-hardware stability must be the leading way in hardware 
development
Testing, testing, testing, and surely it won’t be enough
Null-tests and systematic effects simulations are complementary 
handles to control uncertainties in real-data
Iterative data analysis pipelines (à la BeyondPlanck) can be a way to 
further improve the control of systematic effects 
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