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C-BASS - Overview
Sky$coverage All$sky

Angular1resolution 0.751deg (451arcmin)

Sensitivity <10.1mK1r.m.s in111deg beam1(confusion1
limited1in1I)

60001µK$arcmin1@15GHz1==10.751µK$
arcmin1@11001GHz,1! =1$3

Stokes1coverage I,1Q,1U,1(V)

Frequency 11(0.5)1GHz1bandwidth,1centered1at151
GHz

Northern1site OVRO,1California

Latitude,137.21deg

Southern1site MeerKAT/SKA1site,1Karoo,1South1Africa1
Latitude1$30.71deg



CBASS polarization sensitivity

("! ="$3.1")
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CBASS simulations - I
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CBASS simulations - I
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CBASS simulations - P
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CBASS simulations - P
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C-BASS North Telescope

• 6.1%m'dish,'with'Gregorian'optics'
• Secondary'supported'on'foam'cone
• Receiver'sat'forward'of'the'dish
• Very'clean,'circularly%symmetric'optics
• Absorbing'baffles'to'minimize'spillover



C-BASS North: beam measurements

Simulated

Measured

Sidelobe
�disappears� with2
addition2of2baffles

(see2Holler2et2al.22011,2arXiv:1111.2702v22)



• CBASS&South&at&
Klerefontein,&Karoo&desert,&
South&Africa&(SKA&support&
site)

• 7.6m&ex?telecoms&dish
• Cassegrain&optics

• Similar&receiver&to&north&–
but&frequency&resolution&
(128&ch)

C-BASS South Telescope



C-BASS Receiver 

Both receivers use correlation polarimeter and continuous comparison 
radiometer:
• Correlate RCP & LCP ! Q, U
• Difference RCP & LCP separately against internal load ! I, V
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C-BASS North Receiver 

• Analogue polarimeter/radiometer – all done with hybrids and diodes…
• Sky and load signals separated post-amplification, squared and 

differenced – gives I relative to loads
• RCP and LCP complex multiplied – gives Q + iU
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C-BASS South Receiver 

• Digital system in two bands:
• Downconversion to 0 – 0.5, 0.5 – 1 GHz
• Sample at 1 GHz, channelise to 64 channels (Δν=0.07GHz), calibrate 

gains 
• Square and difference sky and load → I ; correlate RCP, LCP → Q, U
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Scan Strategy
• 360 deg azimuth scans at elevation of 

poles + 10, 30, 40, 50
• Scan as fast as possible: ~4 deg/s
• One scan ~90 s
• Use 5 slightly different scan speeds 

so fixed frequency contaminants ≠ 
same sky modes

Example(of(scan(coverage(in(1(day
(top)(through(pole((bottom)(offset

Real((North)(+(simulated((South)(
survey(coverage



CBASS-N: Intensity

• Night-time only data.
• All elevations (37,47,67 & 77 deg elevation)
• (Highly non-linear colour scale to show ~10,000:1 dynamic range features)



CBASS-N: Intensity Sensitivity



408 MHz - 5 GHz – 23 GHz

This%map%is%a%three,colour image%
• RED:&&&&&&Haslam&et&al&408&MHz&map
• GREEN:&C7BASS&I&map
• BLUE:&&&&WMAP&(K7CMB)&band&~&high7! diffuse&emission&with&the&CMB&removed.&
• Colours balanced&such&that&temperature&spectrum&of&index&−2.7&would&appear&white.&



408 MHz - 5 GHz – 23 GHz
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TT-plots, template fitting & spectra

3"colour(map(of(NCP(Region

Clearly'see'purple'AME'‘by'eye’

Full'template4fitting'analysis'in:

Dickinson(et(al.,(MNRAS,(2019

408'MHz:'synchrotron? CBASS'5GHz:'synchrotron?

23'GHz:'synchrotron'+'AME? IRIS'100'µm:'thermal'dust



Point Source Detection
• GB6%provides%positions%of%all%likely%5GHz%sources%in%the%C<BASS%map.
• We%have%also%independently%detected%point%sources.%
• Compared%both%catalogues.
• Provides%a%point%source%mask%for%C<BASS%analyses
• Also%a%useful%tool%for%looking%at%e.g.%variability%and%polarization%properties
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CBASS-N: Polarized Intensity



CBASS N – Pol Sensitivity



Polarized spectral indices 5 -30 GHz

(a) C-BASS P map (b) C-BASS �

P

map

(c) Planck 30GHz P map (d) Planck 30GHz �

P

map

Figure 6.1: C-BASS and Planck 30GHz P and �P maps downgraded to Nside = 64.
All maps are in brightness temperature. The colour scales of the I maps are histogram
normalised to increase the dynamic range of the images. The �P maps are on linear
colour scales.

We have not used the WMAP polarization maps in this work. The WMAP Q and

U maps have a small number of poorly constrained modes at low ` that introduce

large scale gradients and o↵sets into the maps and as such P can not be directly

calculated (Jarosik et al., 2011; Bennett et al., 2013).

6.1.2 Checking the calibration of the C-BASS P map

The astronomical calibration subroutine in the pipeline calculates the amplitude of

the noise diode signal in I TOD from observations of the total intensity emission of

TauA, which is well known. This calibration is applied to the polarization data via

the internal temperature-stabilised load. This is the first attempt at the calibration

and to verify that it has worked we extract the polarization fraction of TauA from

the C-BASS maps. In this section we also briefly discuss future and ongoing work to

check and improve on the calibration of C-BASS North using C-BASS South data.
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Figure 6.9: Maps of the estimates of � (top) and �� (bottom) between the real C-BASS
and Planck 30GHz P maps.
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Figure 6.9: Maps of the estimates of � (top) and �� (bottom) between the real C-BASS
and Planck 30GHz P maps.
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Spectral index map

Spectral index error map



Figure 6.13: The measured polarized spectral index and its uncertainty around the
NPS region between the real C-BASS and Planck 30GHz maps. The graticules show
lines of constant Galactic latitude and longitude and are separated by 10� intervals.

Table 6.3: Weighted average spectral indices in di↵erent Galactic latitude ranges
between the real C-BASS and Planck 30GHz maps.

�
Galactic latitude range Weighted average Error
Whole sky 3.1658 0.0002
|b| < 10� 3.1462 0.0004
10� < |b| < 20� 3.2078 0.0006
20� < |b| < 30� 3.1643 0.0007
30� < |b| < 50� 3.1856 0.0006
50� < |b| < 75� 3.1596 0.0009
75� < |b| < 90� 3.2391 0.0027

that the spectral index of total intensity emission in region 1 of Barnard’s Loop was

steeper between C-BASS and Planck 30GHz maps than typical free-free emission.

Any error in the calibration of the C-BASS maps would introduce global shifts into

the estimated polarized spectral indices but would not remove the spatial structure

that we have observed. To confirm these results we need to more rigorously test the

calibration of the C-BASS maps.
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Real variations in polarized ! (1)
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Figure 6.10: 2D histogram of the estimates of � against �� between the real C-BASS
and Planck 30GHz P maps. The colour of each histogram bin shows the number
count.

synchrotron loops and spurs the spectral index is typically 3.0–3.4. Further o↵ the

plane are larger fluctuations.

A histogram of � against �� is shown in Figure 6.10. The highest density of

points are those with small �� close to � = 3.2. The pixels with shallow spectral

indices and small error bars are those that correspond to the depolarized features

in the C-BASS maps. The weighted average spectral index across the whole sky is

� = 3.1658±0.0002. There are lots of pixels with � many �� away from this weighted

average value. The spectral index genuinely changes across the sky.

Histograms of the recovered estimates of �, only including pixels above several

Rgeo thresholds, and a 2D histogram of � against Rgeo are shown in Figure 6.11. The

small number of pixels with large Rgeo and small � correspond to depolarization in

the C-BASS map.

The histograms do not show the spatial structure of variations in the spectral

index. In the maps we see structure on both large and small scales. Towards the

Galactic centre and in small patches along the Galactic plane are shallower spectral

indices caused by depolarization at 5GHz. Along the rest of the Galactic plane and

in the spurs and loops the spectral index is typically close to 3.2. Further o↵ the

plane and away from loops and spurs the signal to noise drops and the uncertainties

on the estimated spectral indices increases.

To verify whether the large scale structure in the spectral index map is real or
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Real variations in polarized ! (2)

(a) Nside = 16

(a) Nside = 4

Figure 6.12: Downgraded � (left) and �� (right) maps between the real C-BASS and
Planck 30GHz P maps. The top maps are at Nside = 16 and the bottom maps are at
Nside = 4. The pixels in these maps are the weighted average of the original Nside = 64
maps.

persists further from the Galactic plane and away from loops and spurs.

Previous analysis by Fuskeland et al. (2014) found that the polarized spectral

index between the WMAP K and Ka-bands steepened from 2.88± 0.01 on the plane

to 3.12 ± 0.04 o↵ the plane. We calculated the weighted average spectral index in

di↵erent Galactic latitude ranges and they are listed in Table 6.3. We see no evidence

of the spectral index steepening with latitude.

We found steeper spectral indices than Fuskeland et al. (2014), this either means

that the synchrotron spectral index is shallower at higher frequencies or that the

C-BASS map is incorrectly calibrated. The measured polarization fraction of TauA

showed that the C-BASS P and I maps are consistently calibrated with one another

but not whether they are both on the same temperature scale as external datasets.

In both this analysis and the analysis of the previous chapter we found steeper

spectral indices between 5 and 30GHz than expected. In Section 5.2.8 we found

210

Downgraded maps of !, "! – variations >> "! on large scales 

(see Luke Jew, Dphil Thesis, https://ora.ox.ac.uk/objects/uuid:31f0227a-84be-421a-ae46-eebe9f422767)



C-BASS N – Q & U Maps



CBASS N: Pol angle calibration
• Primary calibrator is Tau A
• We currently use WMAP measured TauA polarization angle at 30-90 GHz

(-88deg, Weiland et al., 2011)
• Correct for Faraday rotation between WMAP and C-BASS (~4deg)
• Cross-check with WMAP/Planck pol. angle correlation



Absolute Polarization Cal
• We have (attempted!) to make an absolute polarization angle 

measurement of TauA using C-BASS S + ground-based transmitter.
• Still analyzing the data, but should give an accuracy of ~0.1deg. 



E and B Maps



EE & BB angular power spectra

• Galactic(masks:(10,(25,(30,(35,(40,(45deg

• Fit(BB(and(EE(with:

• "# = % #
&'

(
! ABB/AEE ~(0.5

• Next(steps(– predicting(level(of(synch(
contamination(for(BImode(CMB(…



Summary
• C#BASS#N(data(being(analysed # first(results/papers(imminent…

– Northern(sky(intensity(map
– Template(fitting,(TT,(spectral(index(analysis,(Commander(analysis
– Point(source(catalogue/mask(
– Polarized(intensity(+(map(spectral(indices(+(cross#spectra
– E(&(B(maps/spectra(and(impact(for(CMB

• C#BASS#S(continuing(to(observe(– needs(at(least(12#18(months(data.(

C#BASS(N(+(S



C"BASS&S,&Karoo&Desert,&South&Africa

Thank&you

https://cbass.web.ox.ac.uk


