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Atacama Cosmology Telescope

5200 meter elevation, one of driest places on planet
1º field of view, 6-meter dish, arcminute resolution
2 frequencies: 150-220 GHz, 3000 detectors
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ACT Resolution
Towards the end of a 10 years adventure in CMB Physics

WMAP

PLANCK

ACT

SPT
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ACT Observations I:

600 square degrees distributed into two different 
regions of the sky: Equatorial and South

mercredi 29 mai 13



ACT Observations II:

2 years of data for equatorial’s map:

3 years of data for southern map:
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Comparison with SPT and WMAP

WMAP

ACT

ACT SPT
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2D Power Spectrum
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Act Power Spectra
ACT Likelihood 7

Fig. 4.— (Top) Power spectra measured by ACT (Das et al. 2013) at 148 and 218 GHz, and their cross-spectrum, coadded over ACT-E
and ACT-S. We show the primary (lensed CMB in dotted black line) and secondary contributions (dotted lines) to the best-fitting model.
(Bottom) Residual power in the ACT cross-frequency spectra, after subtracting the best-fitting model, at 148 (left), 148x218 (center), and
218 GHz (right). The errors at small scales are correlated due to beam uncertainty. The model is a good fit simultaneously to ACT-E and
ACT-S, with no sigificant residual features.

describing the tSZ-CIB cross-correlation, and age and
ags describing the Galactic cirrus emission. The lat-
ter four have strong priors imposed, as described in §2:
as = 2.9 ± 0.4, 0 < ! < 0.2, age = 0.8 ± 0.2, and
ags = 0.4 ± 0.2. In addition to the nine model param-
eters, there are four calibration parameters for ACT. In
§4.3 we investigate how additional, or fewer, parameters
a!ect the fit of the model to the data. To compute the
model requires an e!ective frequency for each compo-

nent; we use the band-centers for SZ, radio, and dusty
sources given in Table 1 (Swetz et al. 2011).

3.2. Combining with SPT data

The South Pole Telescope observed the sky from 2007–
10. Spectra are reported in Keisler et al. (2011) for
angular scales 650 < " < 3000 at 150 GHz, and in
Reichardt et al. (2012) for angular scales 2000 < " <
9400 at 95, 150 and 220 GHz. These observations are
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Act Power Spectra
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Astrophysics 

ACT CMB-only bandpowers 

Cosmology - ΛCDM 
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ACT VS PLANCK (Preliminary)
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ACT VS PLANCK (Preliminary)
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First direct detection of 
gravitational lensing !

18 S. Das et al.

Fig. 20.— CMB convergence power spectrum reconstructed from
the ACT-E strip temperature data. The enhanced e!ective depth
of the coadded ACT-E map (! 18 µk-arcmin) compared to its
previous version (! 23 µk-arcmin) used in Das et al. (2011a) led
to an improved detection significance.

more significant detection (at 6.3 !) of the lensing power
spectrum and more precise cosmological constraints were
reported by the SPT collaboration the following year
(van Engelen et al. 2012).
In this work we present a measurement of the lensing

power spectrum from the improved ACT maps on the
ACT-E strip. Our new measurement of lensing essen-
tially uses the same methodology as Das et al. (2011a),
hereafter DS11. Lensing is measured using a quadratic
estimator in temperature; the power spectrum of the
CMB lensing convergence is thus a temperature four-
point function with the filtering and normalization ob-
tained as in DS11. The bias is calculated in three steps
to make the calculation as robust and model-independent
as possible. First, we simulate the bias that is present in
the absence of any mode-correlations, removing existing
correlations by randomizing the phases of each Fourier
mode of the temperature field (DS11). This is mathe-
matically equivalent to estimating the so-calledN(0) bias
from the pseudo-C! power spectrum measured from this
map. The use of measurements rather than simulations
makes the bias calculation more robust. Next, we simu-
late additional small biases from finite-map e!ects, and
anisotropic and inhomogeneous noise by performing lens-
ing power spectrum estimation on unlensed simulated
CMB maps with realistic noise characteristics. After ac-
counting for these two sources of bias, the input lensing
power spectrum is recovered fairly accurately in simula-
tions, but there is a small di!erence between recovered
and input power spectra due to higher order corrections.
We adopt the small, simulated di!erence between the
recovered and true power spectra as an additional bias
and subtract it from the biased lensing power spectrum
estimated from data.
Systematic contamination of the estimator by the SZ

signal, IR and radio sources was estimated in DS11 using
the simulations from Sehgal et al. (2010). The authors
found that, with the ACT lensing pipeline as used in this
work, the contamination is smaller than the signal by two
orders of magnitude and can thus be neglected. This re-
sult appears well-motivated for two reasons, which also
apply to our current analysis: first, in the analysis we
only use the signal-dominated scales below " = 2300, at

which SZ, IR and radio power are subdominant; second,
by using the data to estimate the bias, our estimator au-
tomatically subtracts the Gaussian part of the contami-
nation, so that only a very small non-Gaussian residual
remains. The previous ACT contamination estimates are
not strictly applicable to the new lensing estimate, be-
cause the filters used here contain somewhat lower noise,
and thus admit slightly more signal at higher "s; how-
ever, estimates by the SPT collaboration (van Engelen
et al. 2012) with similar noise levels and filters also find
negligible contamination. The contamination levels in
our analysis are thus also expected to be negligible.
The measured CMB lensing power spectrum, detected

at 4.6 !, is shown in Fig. 20. As in DS11, we find the
spectrum to have Gaussian errors, uncorrelated between
bins. For some parameter runs, the lensing power spec-
trum information is added to the CMB power spectrum
information (Sievers et al. 2013).

9. DISCUSSION

We have derived the power spectrum of microwave sky
maps at 148 GHz and 218 GHz produced by the At-
acama Cosmology Telescope experiment, such as those
displayed in Fig. 5. The power spectra cover a range
of angular scales spanning nearly a factor of 20, rang-
ing from around 0.35 degrees (" = 590) to a little over
one arcminute (" = 8900). The maps are high qual-
ity, and in principle extracting the power spectrum is
a simple matter. A host of practical considerations,
along with the precision supported by the data, make
estimation of the power spectrum challenging. This pa-
per summarizes algorithms and techniques for handling
the particular shapes of our maps, point source contam-
ination, the steepness of the power spectrum, significant
features due to galactic dust emission, spatially varying
noise levels, and calibration. In addition to the resulting
power spectra, we also display numerous null tests on
the data. These tests, along with results from simulated
maps, make a strong case that any systematic errors in
our power spectra are below the level of statistical error.
The ACT power spectra are consistent with those mea-

sured by the South Pole Telescope collaboration, as are
the underlying maps in a region of overlapping sky cov-
erage. Given how small the signals are and how many
sources of error must be tamed to measure them, consis-
tent results represent a substantial experimental achieve-
ment.
The temperature power spectrum measurements dis-

played in Figure 12 represent the culmination of a two-
decade quest, since the first large-angle power measure-
ments were made by the COBE satellite (Smoot et al.
1992). It was soon realized that for inflationary cosmo-
logical models, the substantial structure in the microwave
background temperature angular power spectrum due to
coherent acoustic oscillations in the early universe would
allow precise constraints on the basic properties of the
universe (Jungman et al. 1996). A series of innovative
and increasingly sensitive experiments then gradually un-
veiled the power spectrum. With the definitive measure-
ments down to quarter-degree scales by the WMAP satel-
lite (Bennett et al. 2012) and the precise arcminute-scale
measurements by ACT (this work) and SPT (Story et al.
2012) along with the results anticipated from the Planck
satellite, this particular route to cosmological insight is
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