
An Introduction to the CMB 10: CMB Anomalies, Detectors & Experiments

An Introduction to the�
Cosmic Microwave Background

Kaustuv Basu
kbasu@uni-bonn.de

astro8405

mailto:kbasu@uni-bonn.de


An Introduction to the CMB 10: CMB Anomalies, Detectors & Experiments 2

Lecture 11:

Part 1: CMB map-making

Part 2: Anomalies and 
non-Gaussianity
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The steps for CMB data analysis
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Time-series data or
Time-ordered data (TOD)
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Why we need a map?
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Map-making can be thought as a general 
problem of linear transform which 
produces from n numbers y1, y2, …, yn as 
raw data or time-ordered data, to m 
numbers x1, x2, …, xm in the map-space or 
pixel space:

Th i s t r ans fo rma t i on i s a lways 
associated with some information loss. 
However, we generally do not have a 
complete understanding of all the 
signal and noise properties to make 
direct use of the time-series data for 
cosmological analysis. 

From Tegmark (1997)
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Removal of (correlated) 
atmospheric noise
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Martin Sommer, PhD thesis

Glitch-flagged signal

Atmospheric noise filtered

Raw signal

The telescope's view through one realization of turbulent, wind-
blown, atmospheric water vapor. The volume of atmosphere 
being simulated depended on (a) the scan width and duration 
and (b) the wind speed and direction



An Introduction to the CMB 10: CMB Anomalies, Detectors & Experiments

An example of TOD filtering
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The time-series data from a subset of bolometers in the APEX-SZ experiment

Martin Sommer, PhD thesis
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An example of TOD filtering
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The same time-series data after the removal of correlated atmospheric noise

Martin Sommer, PhD thesis
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An example of TOD filtering
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Now after removal of glitches in the time streams

Martin Sommer, PhD thesis
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Deglitching

9



An Introduction to the CMB 10: CMB Anomalies, Detectors & Experiments

Planck TOI data & differential noise
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Planck scanning strategy
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Common to get 
stripes in the 

scan direction.

Removal easy in 
Fourier space.

Fourier 
transformation 
also helps to 

separate signal 
and noise better 

(different 
temporal signal).

De-striping, or the removal of 
scanning artefacts
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De-striping, or the removal of 
scanning artefacts
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Figure taken from 
Samtleben et al. 2007.
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Planck sky maps
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CMB “anomalies” and
non-Gaussianity
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Smoothed CMB map 
(above), TT (right above), 

TE (right), and EE (far 
right) angular power 

spectrum measurements 
from Planck satellite 
data, fitted with a 6-

parameter ΛCDM 
cosmology model.

CMB is Gaussian random field
The CMB data is perfectly described as a 
Gaussian random field, originating from 

stochastic density fluctuations created by 
inflation and enhanced by baryonic interactions.
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Low multipole “anomaly”
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Low multipole “anomaly”
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WMAP “fingers”

WMAP cold spot
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CMB “anomalies”
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Can you find the initials of 
Stephen Hawking in this map? 😉 
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CMB “anomalies”
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WMAP 7 yr result
Bennett et al. (2011)
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CMB “anomalies”
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WMAP 7 yr result
Bennett et al. (2011)

A large fraction of simulated CMB skies will 
have some kind of anomaly or oddity.  The key 
is whether the oddity is specified in advance. 
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“pi” in the sky
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Ali Frolop & Douglas Scott, arXiv:1603.09703
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Search for anomalies: 
Penrose’s CCC “rings” in the CMB sky

23



An Introduction to the CMB 10: CMB Anomalies, Detectors & Experiments

Search for anomalies: 
Penrose’s CCC “rings” in the CMB sky
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๏ If marginalized over all 
possible ring sizes, there is 
no evidence for “excess” 
positive-gradient rings    
(CCC authors do not provide 
an a-priori size estimate)


๏ There is no evidence of 
these rings in the polarization 
data either
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Signs of non-Gaussianity
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Quantifying non-Gaussianity
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Non-Gaussianity from CMB lensing 
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Gravitational lensing correlates the adjacent angular 
scales and introduces some obvious non-Gaussianity.


But what about other, primordial sources of non-
Gaussianity?

๏  Non-linear velocities during reionization can introduce 
non-Gaussianities via the kSZ effect


๏  More interesting is the primordial non-Gaussianities 
generated during inflation!
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Primordial non-Gaussianity
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See Bartolo et al. (2012) 
arXiv:1001.3957 for a review.

The bispectrum shapes are 
commonly grouped into three 
categories: local (squeezed), 
orthogonal (equilateral), and 
folded shapes.
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fNL to parametrize non-Gaussianity
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fNL = 0 fNL = 3000 

From Liguori et al. (2007)

Primordial non-Gaussianities are generally described by a non-zero value of the three-point correlation 
function of the primordial curvature function φ(k) in the Fourier space:

F(k) is the shape function of the bispectrum. In this definition, the primordial curvature perturbations can 
be parametrized by the dimensionless quantity fNL with respect to the linear Gaussian part in real space:
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Planck limits on non-Gaussianity
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There is no evidence of a non-zero fNL from Planck data Planck (2018) results
Temperature bispectrum calculations 

from different flavors of the CMB maps.
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Questions?
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Feel free to email me or ask questions  
in our eCampus Forum


