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● Main idea: To integrate the world’s best data from radio to sub-mm wavelengths 
into a single model through global analysis

● Use this to derive transformational science, from detecting primordial 
gravitational waves to mapping out cosmic structure formation

● Builds on well-established and flexible Bayesian parameter estimation techniques 
as developed by Planck and BeyondPlanck, and implemented in Commander



WMAP
● K,    Ka, Q,    V, and W-bands

(23, 33, 41,  61,       94 GHz)
● ~50 – 13 arcmin resolution

Planck
● LFI: 30, 44, 70 GHz

HFI: 100, 143, 217, 353, 545, 857 GHz
● ~30 – 5 arcmin resolution

Main data sets: WMAP and Planck



Planck 30 GHz - WMAP K-band

Are WMAP and Planck actually consistent?

Planck 30 GHz

WMAP K-band



Reason 1: Planck LFI gain uncertainties

Planck (2018), A&A, 641, A2

Planck 30 - WMAP K-band

Planck team’s gain 
uncertainty template



Reason 2: WMAP transmission imbalance

                          d =        s1         -         s2

Transmission imbalance 
= 

Different gain in s1 and s2

Example signature of transmission 
imbalance misestimation 
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Solution: Joint end-to-end iterative analysis

Component 
separation

Calibration + 
mapmaking

Power spectrum   estimation
Parameter
estimation



3. Map out P(ω | d) with standard Markov Chain Monte Carlo 
(MCMC) methods
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The Commander pipeline in one slide

2. Derive the joint posterior distribution with Bayes’ theorem:

1. Write down an explicit parametric model for the observed data:



March 14 2023: Cosmoglobe Data Release 1



First product: a model of the microwave sky
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Map product: 
jointly analyzed WMAP/LFI from raw TODs

WMAP K

Planck 30

WMAP Ka

WMAP Q

Planck 44

Planck 70

WMAP V

WMAP W
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Differences with previous state-of-the-art

WMAP K

Planck 30

WMAP Ka

WMAP Q

Planck 44

Planck 70

WMAP V

WMAP W

Obvious differences – but which is better?
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9-year WMAP W-band maps 
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Cosmoglobe W-band sky maps



Planck 30 GHz - WMAP K revisited

Legacy maps

HKE: Turn this into an overlay



Planck 30 GHz - WMAP K revisited

Cosmoglobe

HKE: Turn this into an overlay



Detector half-difference maps
Cosmoglobe 9-year WMAP
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Comparison with HFI 100 GHz

Planck 100 GHz



Why the improvement?

Transmission 
imbalance correction 
for each detector



WMAP: “Transmission imbalance modes are 
understood and properly modelled”



Cosmoglobe - WMAP

How much of the full effect did the WMAP
transmission imbalance model capture?

Best-fit 9-WMAP model Residual



How much of the full effect did the WMAP 
transmission imbalance model capture?

“How much of the Cosmoglobe - 
9-year WMAP difference can be 
explained by WMAP model?”

The WMAP model was only 
able to account for between 6 
and 52% of the full effect. 

The rest leaked into 
astrophysical results



Application 1: Polarized synchrotron emission from LFI+WMAP

Synchrotron maps free of 
poorly measured modes



Application 2: Optical depth of reionization?

Rather than project modes out in the 
likelihood, we remove them in the 
joint low-level analysis.

Residuals at the ~3 uK level due to 
poorly measured modes could be 
enough to explain the WMAP/LFI 
discrepancy in tau.

?

9-yr WMAP (Q1-Q2)/2 Cosmoglobe (Q1-Q2)/2



● Cosmoglobe is an extremely ambitious project that aims to 
combine all large-scale state-of-the-art datasets from radio to 
sub-millimeter frequencies into one global model

● With Cosmoglobe DR1, we have for the first time analyzed 
WMAP and Planck LFI together, resulting in better science from 
both

● Strong emphasis on Open Science, and are always looking for new 
collaborators

Summary
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