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COLLABORATION 

• BeyondPlanck

• Cosmoglobe

• LiteBIRD
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IDEA
• Joint analysis of several data sets together to avoid ‘blind spots’ (scanning strategies) and 

degeneracies (component separation)

• Integrated approach from the properties of the instrument to the sky model (and from 
the sky model to the instrument uncertainties)

• More technically: creating a modular algorithm suitable to be used for any future 
experiments

• More technically: a hands free pipeline from the TOD level to the maps and cosmological 
parameters without preprocessing and human intervention in-between
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THE SKY MODEL
Different experiments augment each other
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THE SKY MODEL*

• Cosmic Microwave Background 

• Synchrotron emission

• Free-free emission 

• Anomalous Microwave (spinning dust) emission

• Dust emission

• Point source (stars, galaxies) emission

*BeyondPlanck sky model
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We can reconstruct the sky model using the maps from different frequencies 
6 Planck 2018 A&A 641 A1



HOW TO CALCULATE THE RESIDUAL?

• Ideally the residual should be pure 
normal noise, meaning only the white 
noise remains in the system

• However, in a system as complex as 
Planck satellite there are many sources 
of ‘noise’
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 - raw TOD (actual data)

 - correlated noise
 - electronic Hz spike correction

 - instrumental gain
 - sky signal
 - orbital CMB dipole signal
 - far sidelobes correction
 - bandpass and beam leakage correction
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ADDING MORE COMPONENTS!
Interesting side-project going on is adding DIRBE, FIRAS, IRIS and other 

high frequency maps, which allows to solve the degeneracies
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PLANCK HFI
• The analogue-to-digital conversion (ADC) in the HFI was drifting with time, and has 

both linear (similar to LFI) and non-linear effects, which require correction

• HFI cooler was actively trying to compensate temperature variations through out the 
whole mission (unlike passive cooler for LFI), which creates extra source of instrumental noise.

• Cosmic rays created extra signal depending on which part of the detector they would hit 

• Since HFI was using a different detector technology (radiometers on LFI vs bolometers on HFI), 
and required higher angular sensitivity while measuring higher frequencies compared to LFI, the 
bolometer transfer function plays an important role in the deconvolution of data
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COSMIC RAY

• The blue line shows an example for 
short glitches due to a direct impact on 
a thermometer

• The black line - for long glitches 
due to an impact on the support 
structure of a bolometer’s absorber 

• The red line - for slow glitches, the 
origin of which is a mystery not known 
to humankind

11 Planck Collaboration: Planck 2013 results. X.



TRANSFER FUNCTION
• Describes a reaction of a bolometer to 

measuring a signal through the series of 
filters

ftran(ω) = F(ω)H′￼(ω)

F(ω) = ∑
i=1,4
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1 + iωτi

H(ω) = ∏
i=1,5

hi
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WHAT’S THE DIFFERENCE? 

• Besides from other effects, 
correction for which has not 
been implemented yet, the 
transfer function effect is the 
most obvious one

• The map looks slightly 
shifted, which is exactly the 
transfer function effect
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DATA MODEL

d = Ts + n

T = F−1ftran(ω)F

Data recorded from the detector (d) is a sky signal 
(s) modified with the detector transfer function (T) 

plus noise (n)

The operator (T) describing the transfer function 
effect is a convolution operator in real space or a 

multiplication operator in Fourier space with transfer 
function (f) and Fourier transform (F) 
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EXPERIMENT

• Let’s take the Planck HFI pointing 

• Generate a bright beam at one of the 
often passed points (pole) ( )

• Apply a transfer function 

• Add normal noise  to data 

s

T

n d
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Straight deconvolution (applying  to ) amplifies noise as T−1 d T−1n

Original signal Deconvoluted signal
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DEALING WITH TRANSFER FUNCTION AT 
MAPMAKING LEVEL

• Instead of applying  to the data , as was done by Planck HFI, we can 
include the operator  into the mapmaking equation 

• Instead of applying the inverse, we are applying the transpose, which is 
identical to shifting the data forward in time

• We are stacking the data and applying  along the pointing direction, 
decreasing white noise

T−1 d
T

(PTTTN−1TP)m = (PTTTN−1)d

T
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THE COST?
• Extremely computationally heavy, since we 

are dealing with NTOD = , and 
NSIDE = , corresponding to NPIX = 

• For example, the pointing matrix 

• However, it’s still possible to solve for  
using conjugate gradient method

• The basic mapmaking equation for LFI was 
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(PTN−1P)m = PTN−1d
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Thank you for your attention!
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