
















SPT Data: What is it?

❖ Fundamentally: currents 
from O(1000) detector 
elements.!
!
!
!

❖ Main pipeline products: 
best-fit temperature at 
pixelized locations on the 
sky: Maps.

10 minutes of SPT-SZ data from a single bolometer

100 deg^2 field observed by SPTpol for <1 month



The SPT-SZ / SPTpol Pipeline
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Data Processing

❖ Undo detector time response.!

❖ De-spike.!

❖ Fourier-domain filtering 
(includes notching of spectral 
lines).!

❖ Remove large-scale common 
mode and long-timescale drifts.



Minimally processed data



Minimally processed data

• ~6 minutes of data from a ~2hr 
CMB field observation!
!

• 40 of ~400 working 150 GHz 
SPT-SZ detectors!
!

• cuts applied, spikes removed, 
some lines notched



Common mode removed



High-order polynomial 
removed



Make Maps

❖ Calculate sky pointing for every detector at every 
timestream point.!

❖ Apply calibration to each detector.!

❖ Weight each detector’s data by inverse variance (single 
number for SPT-SZ; 3x3 matrix for SPTpol).!

❖ Take weighted mean of all measurements of sky 
temperature/polarization at every (pixelized) observed 
sky location.



Make Maps

❖ Calculate sky pointing for every detector at every 
timestream point.!

❖ Apply calibration to each detector.!

❖ Weight each detector’s data by inverse variance (single 
number for SPT-SZ; 3x3 matrix for SPTpol).!

❖ Take weighted mean of all measurements of sky 
temperature/polarization at every (pixelized) observed 
sky location.

Mapmaking scheme is simple, but 
LOTS of effort into 
reconstructing pointing, 
optimizing calibration scheme, 
matching detectors within a 
polarization pixel, etc.



Single-observation Map



20 Observations



Full Coadd



Post-map Analyses: 
Object Detection



Post-map Analyses: 
Power Spectra



!

❖ Beams!
❖ “Transfer functions”!
❖ Noise estimates!
❖ Masks!
!
!
!

❖ All of these require 
extensive simulations 

Post-map Analyses: Auxiliary Data 
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Figure 2. Azimuthally averaged beam profiles (left), Fourier-space beam functions (center), and fractional uncertainties (right).

single absolute calibration number relates the amplitudes in the
final map to physical units. Section 4.5.2 describes our proce-
dure for estimating the final absolute calibration for each map.
The physical units chosen for our maps are K-CMB, expressing
deviations from the average measured intensity as equivalent
temperature fluctuations in the CMB.

4.5.1. Relative Gain Calibrations

Two types of calibration observation are combined to account
for detector-to-detector relative gains, temporal gain variations,
and atmospheric opacity variations: (1) daily observations of the
H ii region RCW38 and (2) observations of the chopped thermal
calibration source that illuminates the focal plane from the
center of the telescope secondary mirror. The thermal calibration
source illuminates the focal plane through a small hole in the
secondary mirror; hence, the effective source shape seen by the
detectors is very different from that of sources on the sky and
varies over the focal plane.

The thermal calibration source is observed many times per
day, and we use these observations to correct for variations
in response to sky signal across the array (flat fielding) and
to correct for any gain drifts. The first step in the relative
calibration pipeline is to relate each detector’s response to the
calibration source to its response to an astrophysical source. To
do this, we assign an effective temperature to the calibration
source for each detector, based on the season average of
ratio between the response to the calibration source and the
response to RCW38. The relative calibration for each detector
over a single ra5h30dec-55 observation is then based on
the response to the calibration source observation nearest that
field observation. To account for any day-to-day drifts in the
calibration source filament temperature or illumination pattern,
we correct the single-observation relative calibration number
for each detector using the wedge-averaged difference between
that observation’s calibrator response and the season average.
Similarly, to account for any changes in atmospheric opacity,
we correct each detector’s calibration using the wedge-averaged
difference between response to the nearest RCW38 observation
response and the season average. The relative calibration factors
applied to a given detector are typically stable to within 2% over
the season.

4.5.2. Absolute Calibration

The H ii regions RCW38 and MAT5a can be used as absolute
calibrators, but their irregular shapes and the uncertainties in
their absolute fluxes at mm-wavelengths limit the precision

of the calibration. An RCW38-based absolute calibration has
been used for some previous work (Staniszewski et al. 2009;
Williamson et al. 2011; Story et al. 2011), but here we adopt
a refined absolute calibration based on comparisons of CMB
angular power spectra produced from SPT and WMAP data.
The two approaches give calibrations that are consistent within
their uncertainties.

To calibrate the co-added maps to absolute temperature units,
we estimate the angular power spectrum of the CMB at 150 GHz
using the technique described in Keisler et al. (2011). The
maps used in this estimation have been preliminarily calibrated
using the RCW38-based calibration. The resulting spectrum is
then compared to the well-calibrated WMAP7 power spectrum
(Larson et al. 2011) over the multipole range 650 ! ℓ ! 1000,
and the final calibration to apply to the 150 GHz SPT maps
is determined by requiring the inverse-variance-weighted ratio
of the SPT and WMAP7 power spectra to be unity over this
range. To reduce the contribution of SPT noise and sample
variance to the calibration uncertainty, we use all 2008 data
to derive the calibration for the ra5h30dec-55 field. We have
looked for evidence of calibration differences between the 2008
data from the ra5h30dec-55 field and the rest of that season’s
data by checking the regular observations of MAT5a, and we
constrain this difference to be smaller than 1% in temperature.
A cross-power spectrum is constructed using the 150 GHz and
220 GHz maps, correcting for differences in beams and filtering
between the two bands. The ratio of this cross-power spectrum
to the power spectrum at 150 GHz for multipoles dominated
by primordial CMB signal gives an estimate of the relative
calibration between the two bands, which is used to transfer the
150 GHz absolute calibration to 220 GHz.

We estimate that the uncertainty in our 150 GHz absolute
temperature calibration is 3.1% using this calibration method.
The uncertainty in the 220 GHz absolute calibration is estimated
to be 6.9%. Note that since the 220 GHz calibration derives from
the 150 GHz calibration, the two uncertainties are correlated
with a correlation coefficient of approximately 0.5.

5. DATA PROCESSING AND MAP-MAKING

Raw TOD are processed into maps in two stages. In the first
(“pre-processing”) stage, the raw data from a single observation
of the field are calibrated, data selection cuts are applied, and
initial filtering and instrument characterization are performed.
The same pre-processing pipeline is used for all SPT survey
data, regardless of the intended final use of the maps, although
there have been some minor modifications in the data selection
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