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1. C-BASS Data
See Angela Taylor’s Talk

Nside 64 maps 
Beam deconvolved and 

smoothed to 1 degree



1. C-BASS Data


2. T-T Plots


3. Polarized Spectral Index

• Clustering algorithm

• Line fitting

• Results



Temperature in map A

Te
m

pe
ra

tu
re

 in
 m

ap
 B

2. T-T Plots
Select a region dominated by a emission with a  power law frequency-spectrum
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Select a region dominated by a emission with a  power law frequency-spectrum
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2. T-T Plots
Want to measure spectral index between

Haslam 408 MHz 
(Remazeilles et al., 2015) C-BASS 5 GHz

WMAP K-band 23 GHz 
(Bennett et al., 2013) 

• Robust to zero level errors - hence T-T plot method

Region selection Line fitting

See Richard Grumitt’s Talk

• Use method over all/most of the sky


• There are other emission mechanisms present



Region selection2. T-T Plots



Use the mean shift algorithm to create regions. (with point source mask)

Roughly set the map zero levels and calculate spectral indices

Cluster on:   Sky position

                     Haslam/C-BASS spectral index

                     C-BASS/WMAP K-band spectral index


Then smooth by a 5 
degree Gaussian

Region selection2. T-T Plots
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Region selection2. T-T Plots

Automated method 
of dividing up the 

entire sky

See Stuart 
Harper’s 

Talk



2. T-T Plots Line fitting



• Similar S/N across surveys


• Use the Bayesian method developed by Gull (1989)


• There are pixels that are not dominated by synchrotron emission


• Use a mixture model to account for outliers

2. T-T Plots Line fitting



Top of NPS Galactic Plane Mid Galactic-Latitudes

2. T-T Plots



C-BASS / Haslam WMAP K-band / C-BASS

<β> = 2.7 <β> = 2.2
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Want to measure polarized spectral index between

C-BASS 5 GHz Planck 30 GHz 
(Planck Collaboration, 2018) 

3. Polarized Spectral Index

Power-law frequency-spectrum, pixel-by-pixel



Power-law frequency-spectrum

Polarized intensity is a Rician random variable (if σQ≈σU)

Prior

Jeffreys prior for the amplitude of a Rician random variable, 
and assigning 

For the gory details see 
https://ora.ox.ac.uk/objects/uuid:31f0227a-84be-421a-ae46-eebe9f422767

https://ora.ox.ac.uk/objects/uuid:31f0227a-84be-421a-ae46-eebe9f422767


Power-law frequency-spectrum

Polarized intensity is a Rician random variable (if σQ≈σU)

Prior

Jeffreys prior for the amplitude of a Rician random variable, 
and assigning 

For the gory details see 
https://ora.ox.ac.uk/objects/uuid:31f0227a-84be-421a-ae46-eebe9f422767
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3. Polarized Spectral Index
C-BASS/Planck 30 GHz, β



10-2 100

3. Polarized Spectral Index
C-BASS/Planck 30 GHz, β



10-2 100

3. Polarized Spectral Index
C-BASS/Planck 30 GHz, β



3. Polarized Spectral Index
C-BASS/Planck 30 GHz, normalised deviation from mean
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3. Polarized Spectral Index
C-BASS/Planck 30 GHz



Downgrading to lower Nside, 
the uncertainty on the 

weighted average of pixels 
drops quickly

Nside 64

Nside 16

Nside 4All on the same colour scale
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Nside 64



Spectral Index

Nside 16
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Spectral Index

Nside 4

3. Polarized Spectral Index
C-BASS/Planck 30 GHz, β



S-PASS:  β=3.22 ± 0.08   (2.3—33 GHz )

(Krachmalnicoff et al., 2018)

Latitude range β σβ

Whole sky 2.6770 0.0004
0◦<b<10◦ 2.5640 0.0005

10◦<b<20◦ 2.902 0.001
20◦<b<30◦ 3.035 0.002
30◦<b<50◦ 3.102 0.002
50◦<b<75◦ 3.087 0.003
75◦<b<90◦ 3.156 0.009

b>20◦ 3.073 0.001

3. Polarized Spectral Index
C-BASS/Planck 30 GHz



Angular power spectrum of 
polarized spectral index, b>25◦

Miville-Deschênes et al. (2008) 
Used by PySM
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