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Why do C-BASS? FOREGROUNDS!!

Angular Scale
10

*Dearth of all-sky high SNR maps in the
decades of frequency space above a GHz.
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* CMB Task Force (2005): “Continued support
for ground-based efforts to produce 3-15 GHz
large-scale maps of the polarized Galactic
foreground”
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* Lyman Page (yesterday): “We need more
sensitive low-frequency measurements of
synchrotron: WMAP just isn’t sensitive enough”
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* To counter Lyman: We won’t have the
sensitivity for r < 0.001, but at least we’ll start
lowering those error bars on the synchrotron
spectral index. ;-)

Multipole



What is C-BASS?

Low-Frequency, ground-based all-sky survey

Azimuth

AlSkyMap=2011-7T-15-1=(11+12)/2

Controlling Systematic Errors
 Balanced receiver architecture:
1/f knee frequency - 100 mHz (I)
10 mHz (P)
* Digital filtering of mains
» Rapid, constant elevation
scanning, with many crossing

angles

* Novel beam design



Two Telescopes

* Northern Telescope is 6.1 m dish located at Owens Valley Radio Observatory.
» Southern Telescope is 7.6 m dish located at Klerefontein, near the South Africa SKA site
* Novel optical design matches the beam and suppresses sidelobes

---- with absorber

---- without absorber

Holler et al., 2012



Scientific Goals

* As it is largely uncorrupted by Faraday Rotation, it’ll be the first synchrotron survey whose
polarization angles and fractions can be reliably extrapolated to higher frequencies.

(WMAP 23GHz)
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* Enable more accurate subtraction of foreground contaminating signals from high-frequency
CMB polarization sky surveys including WMAP and Planck

» Characterization of the interstellar medium
« Variation on synchrotron spectral index across the Galaxy
» Template of polarized synchrotron emission
» Characterization of free-free emission in the Galactic Plane
 Improved understanding of anomalous microwave emission (AME)
 Studying of the Galactic magnetic field



* Rapid scanning (4°/s)
Scan Strategy * Highly-redundant coverage at a variety crossing angles
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*TauA -- Polarized *DR21 -- unpolarized



* Rapid scanning (4°/s)
Scan Strategy * Highly-redundant coverage at a variety crossing angles
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Data Validation

Haslam 0.408 GHz (K)

*Barnard’s loop: A region known to be dominated by free-
free emission.

g = -2.16 + 0.05
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» Expect a spectral index of -2.1 for free-free.
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Irfan et al., 2014



CURRENT STATUS

* Northern Survey mostly complete

« lotal Intensity (1)

Polarization /

Intensity (P)

* Southern Telescope being commissioned
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EARLY RESULTS

% »> » Selected Regions of High
Signal-to-noise ratio
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DIFFUSE GALACTIC EMISSION

Latitude

* Two months of preliminary data

* Investigated 3 regions of the ISM,
focusing on:

* Synchrotron dominated region
* Preliminary component separation

Longitude

* Diffuse Emission B
. 0 0 H 02 0.4 0.6

* AME investigations

Kelvin

(Irfan et al., 2014)



Diffuse Galactic Emission — Synchrotron
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Diffuse Galactic Emission —
Component Separation
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Diffuse Galactic Emission — AME
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EARLY RESULTS

» Selected Regions of High
Signal-to-noise ratio

« LOW NOISE!



North Celestial Pole — Observations

Unsmoothed C—-BASS map

Sources > 200 mJy marked
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(Dickinson et al., in prep)



North Celestial Pole — Multi-Band Analysis
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North Celestial Pole — Template Fitting
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» Synchrotron Template: CBASS or Haslam
* Free-free template: H-alpha
* Dust template: IRIS 100 micron

« Strong Indication for AME in WMAP/Planck 20-
40 GHz band

Planck
44.1 GHz

137 =0.89
Ba37T 6.3
493+ 1.1
—29.8 = 22.

1.44 = 0.98
6.76 = 6.2
4Th=x= 1.1

(Dickinson et al., in prep)



North Celestial Pole — Template Fitting

» Synchrotron Template: CBASS or Haslam
* Free-free template: H-alpha
* Dust template: IRIS 100 micron

« Strong Indication for AME in WMAP/Planck 20-

Foreground r.m.s. [uK]
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Conclusions

» With subset of data, on track to reaching our goals!!!

« Characterization of the interstellar medium:
« Variation on synchrotron spectral index across the Galaxy
» Template of (polarized) synchrotron emission
» Characterization of free-free emission in the Galactic plane
 Improved understanding of anomalous microwave emission (AME)

» Studying of the galactic magnetic field
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Stay tuned...
* Northern Survey to be completed next month; Southern survey beginning next year.

» Low-level systematics: residual ground spillover, 1.2 Hz contamination, polarization
calibration.

* More to come....




Thank youl.

Stephen Muchovej
California Institute of Technology

sjcm@astro.caltech.edu
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