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Maximize 
redundancy

A lesson learned from Planck 
data analysis



The case of Planck synchrotron channel(s)

Planck Collaboration: Di↵use component separation: Foreground maps
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Fig. 51. Brightness temperature rms as a function of frequency
and astrophysical component for temperature (top) and polar-
ization (bottom). For temperature, each component is smoothed
to an angular resolution of 1� FWHM, and the lower and up-
per edges of each line are defined by masks covering 81 and
93 % of the sky, respectively. For polarization, the correspond-
ing smoothing scale is 400, and the sky fractions are 73 and 93 %.
Note that foreground rms values decrease nearly monotonically
with sky fraction, whereas the CMB rms is independent of sky
fraction, up to random variations. For reference, zodical light
emission is roughly two orders of magnitude weaker than
thermal dust emission in temperature.

instrumental systematic errors. One example is the detec-
tion of, and correction for, systematic errors in the Planck

bandpass measurements. More generally, the residual maps
shown in Figs. 2, 21, and 40 comprise a treasure trove of in-
formation on instrumental systematics that should prove very
valuable for improving the raw Planck sky maps before the
next data release.

All things considered, the sky model presented in this paper
provides an impressive fit to the current data, with temperature
residuals at the few microkelvin level at high latitudes across
the CMB-dominated frequencies, and with median fractional er-
rors below 1 % in the Galactic plane across the Planck frequen-
cies. For polarization, the residuals are statistically consistent
with instrumental noise at high latitudes, but limited by signif-
icant temperature-to-polarization leakage in the Galactic plane.

Overall, this model represents the most accurate and complete
description currently available of the astrophysical sky between
20 and 857 GHz.

Figure 51 provides an overview of the main components in
both temperature (top panel) and polarization (bottom panel),
summarized in terms of the brightness temperature rms eval-
uated over 93 % and 73 % of the sky, respectively. For polar-
ization, this is the first version of such a plot that is based
on observations alone. For temperature, the most recent pre-
vious version is figure 22 of Bennett et al. (2013), summariz-
ing the WMAP temperature foreground model. While the two
versions agree well in terms of total foreground power and lo-
cation of the foreground minimum, there are a few subtle dif-
ferences as well. The most important of these is the relative
amplitude of synchrotron and spinning dust. Specifically, syn-
chrotron dominates over spinning dust at all frequencies in the
WMAP model, whereas in our new model spinning dust dom-
inates over synchrotron between 15 and 60 GHz. Such di↵er-
ences are not surprising, considering the complexity of the as-
trophysical foregrounds at low frequencies. As emphasized re-
peatedly, even when combining the Planck and WMAP observa-
tions, as done in this paper, degeneracies between synchrotron,
free-free and spinning dust remain the leading source of uncer-
tainty on the low frequency side. Additional observations be-
tween, say, 2 and 20 GHz are essential to break these degenera-
cies. For a more complete analysis of the low-frequency fore-
ground model presented here, we refer the interested reader to
Planck Collaboration XXV (2015).

On the high-frequency side, the main outstanding issue are
uncertainties in the net 545 and 857 GHz calibration, i.e., the
product of calibration and bandpass uncertainties. As of today,
the 545 GHz calibration is uncertain at least at the 1–2 % level,
and this translates into an e↵ective 3–6 % uncertainty for the
857 GHz channel in our fits (in order to maintain a physical ther-
mal dust frequency scaling). Cross-correlations with H i observa-
tions suggests a total systematic error on the thermal dust tem-
perature at high Galactic latitudes of 1–2 K. Recognizing both
calibration and modelling errors, we emphasize that the thermal
dust model presented here does not represent an accurate model
of frequencies beyond 857 GHz. For instance, naive extrapola-
tion to the DIRBE 100 µm channel results in residuals as large
as 40 %. Both more physical models and better calibration are
needed to extend into this regime. In addition, it is important
to note that the current model makes no attempt at separating
Galactic thermal dust emission from CIB fluctuations, and these
therefore constitute a significant contaminant in our thermal dust
model on small angular scales.

Finally, for polarization the main limitations are instrumental
systematics, primarily in the form of temperature-to-polarization
leakage, uncertainties in the analogue-to-digital conversion, and
very long time constants (Planck Collaboration I 2015; Planck
Collaboration VI 2015; Planck Collaboration VIII 2015). Thus,
although the new Planck 2015 observations already have opened
up a completely new window on the physics of our own Galaxy,
through its deep observations of polarized thermal dust, more
work is required in order to fully realize the science potential
of the Planck measurements. This will be the main focus of the
Planck analysis e↵orts in the coming months.
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Two 30GHz horns, 4 polarized radiometers
30GHz horns



Simulated processing: calibration and bandpass mismatch



Ignore bandpass mismatch



The lesson

Design for redundancy: make the experiment up from 
independent units.

❖ detector sets, horns, individual detectors

❖ years, surveys and sub-survey maps


