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(with first receiver, MBAC) 

• 6m off-axis Gregorian telescope  
• Located at 5200 m (0.5 mm PWV) 
• 3 arrays of 1024 TES bolometers each 
• 148 GHz, 218 GHz, 277 GHz 
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(with first receiver, MBAC) 

• 6m off-axis Gregorian telescope  
• Located at 5200 m (0.5 mm PWV) 
• 3 arrays of 1024 TES bolometers each 
• 148 GHz, 218 GHz, 265 GHz 
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1.4’ 
resolution 
30 uK-rt(s) 
f3db ~ 84 Hz 

The Astrophysical Journal Supplement Series, 194:41 (17pp), 2011 June Swetz et al.

Reflector

Secondary Reflector

Figure 1. Picture (left) and mechanical rendering (right) of ACT and its ground screens. The telescope has a low profile; the full height is 12 m. The entire upper
structure (“Azimuth structure” and above) rotates as a unit. The surrounding outer ground screen shields the telescope from ground emission. The screen also acts as
a windshield. An inner ground screen mounted on the telescope connects the sides of the secondary and primary. The primary reflector is 6 m and is surrounded by a
0.5 m guard ring. (Figures courtesy of AMEC Dynamic Structures.)
(A color version of this figure is available in the online journal.)

and detectors. Telescope control, data acquisition, merging, and
related topics are discussed in Section 4. Finally, we present the
image quality of the system in Section 5.

Further information on the ACT instrument, observations,
and data reduction is given in Fowler et al. (2007) and Das
et al. (2011). The science release from the ACT 2008 survey
of a region south of the Galactic equator includes results on
the CMB power spectrum and related parameter constraints
(Fowler et al. 2010; Das et al. 2011; Dunkley et al. 2010; Hajian
et al. 2010). Results are also presented on compact millimeter
sources (Marriage et al. 2011) and clusters (Marriage et al. 2010;
Menanteau et al. 2010; Sehgal et al. 2010; Hand et al. 2011).

2. THE ATACAMA COSMOLOGY TELESCOPE

2.1. Telescope Construction and Optics

The diameter of the 6 m primary reflector was set by
the requirement to obtain arcminute resolution at the ACT
frequencies. The primary and 2 m secondary are arranged in
an off-axis Gregorian configuration to give an unobstructed
image of the sky. The primary focal length was fixed at 5.2 m.
This results in a compact arrangement between the primary
and secondary reflectors, making it easier to achieve the fast
scanning specifications of the telescope (Section 2.3). The
design is described in Fowler et al. (2007). The telescope was
built by Amec Dynamic Structures Ltd (now Empire Dynamic
Structures).

Figure 1 shows the major components of the telescope
structure and Table 1 the important parameters. To minimize
ground pick-up during scanning, the telescope has two ground
screens. A large, stationary outer ground screen surrounds the
telescope. A second, inner ground screen connects the open
sides of the primary reflector to the secondary reflector and
moves with the telescope during scanning. A climate-controlled
receiver cabin is situated underneath the primary and secondary
reflectors. The telescope was designed to work with MBAC
(Section 3), and also to be able to accommodate future receivers.

Using the Gregorian design as a starting point, the reflector
shapes were numerically optimized to increase the field of view

Table 1
Physical Properties of the Telescope and Optics

Telescope Properties Location

Telescope height 12 m Altitude 5190 m
Ground screen height 13 m Longitude 67◦47′15′′W
Total mass 52 t Latitude 22◦57′31′′S
Moving structure mass 40 t . . . . . .

Optics
f-numbera 2.5 Azimuth range ±220◦

FOVa 1 deg2 Max. az speed 2◦ s−1

Primary reflector dia 6 m Max. az acc. 10◦ s−2

No. of primary panels 71 Elev range 30.◦5–60◦

Secondary reflector dia 2 m Max. elev speed 0.◦2 s−1

No. of secondary panels 11 . . . . . .

Note. a At telescope Gregorian focus.

over a classic Gregorian using Code V optical design software.18

At the Gregorian focus before reimaging (Section 3.1), the
telescope achieves a Strehl ratio greater than 0.9 over a 1 deg2

field at 277 GHz. Details of the numerical optimization and
reflector formulae are given in Fowler et al. (2007). The
telescope approaches an aplanatic system with no leading-order
spherical aberrations or coma in the focal plane. Figure 2 shows
a ray trace through the telescope-camera system. The fast focal
ratio (F = 2.5) allows the MBAC window (Section 3.2) to be
small.

To minimize the beam sizes and maximize the collecting area,
97% of the primary reflector diameter is illuminated, limited by
a cold aperture stop (the “Lyot stop”). Spillover at the Lyot
stop inside MBAC can load the detectors with radiation emitted
from warm, nearby structures. Calculations show that there is
a maximum of 0.5% spillover on the primary reflector and 2%
spillover on the secondary reflector. To reduce this spillover
loading, the primary reflector has a 0.75 m radial baffle that
reduces the primary spillover to <0.2%. However, the spillover
on the secondary reflector occurs at larger angles. While there
is a 0.3 m radial baffle around the secondary, it does little to

18 Business address: Optical Research Associates, 3280 East Foothill Blvd.,
Pasadena, CA 91107, USA. Internet URL: http://www.opticalres.com/.
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The (first) ACT Receiver 

300 mK detectors;  dry/closed cycle system; AR-coated silicon lenses; Lyot stop 



 ACT Survey Regions 
~ 100 clusters from 755 deg2   

Staggs; Santander 2013 



Calibrating the ACT Maps 
Cross-Correlating to WMAP 

ACT maps’ dynamic range permits calibration to 2% from 
WMAP, but ACT maps are 10x higher resolution. 

Greenish rectangles ae binned WMAP 94 GHz  spectra 

(A
CT at 148 GH

z) 

Hajian et al, 2010 Staggs; Santander 2013 



(Note WMAP measures polarization also.) 

Figures from Dunkley et al 2013 
and Das et al 2013 

Power spectra from three frequency pairs, 
and the models for fitting them.   

16 S. Das et al.
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Fig. 15.— Cross season null test for the ACT data. The top row
illustrate the 148GHz cross season null tests for ACT-E (top left)
and ACT-S (top right), while the bottom row show the 218GHz
cross season nulls.The χ2 values for the fit are presented in Table 4
and Figure 17.

−30

−20

−10

0

10

20

30
200820082008

TOD split nulls 148 GHz South

−100

−50

0

50

100

!(
!
+

1
)C

!/
2

π
[µ

K
]2

200920092009

1-2x3-4 1-3x2-4 1-4x2-3

2000 4000 6000 8000 10000

Multipole !
−30

−20

−10

0

10

20

30
201020102010

Fig. 16.— TOD null test for the 148 GHz Southern strip, from
2008 (top panel) to 2010 (bottom panel). For each year, three
TOD nulls are created from the combinations described in Eq. 5.
The χ2 values for the null test are summarised in Table 5.

the 148GHz spectrum containts 30 degrees of freedom.
We show the distribution of χ2 values and the theoreti-
cal χ2 distribution for the two cases in Figure 17. This
shows that the null tests are broadly consistent with be-
ing drawn from a χ2 distribution for the number of de-

0 10 20 30 40 50 60

χ2 value

0

2

4

6

8

10

12

χ2(30)

χ2(20)

AR1

AR2

Fig. 17.— The reduced χ2 values for all null tests. The blue
histogram is computed for the χ2 values from the 218 GHz null
tests, while the purple histogram shows the same null tests for
the 148 GHz maps. The black dashed and dot-dashed lines show
the theoretical distributions for 20 (AR2) and 30 (AR1) degrees
of freedom respectively, normalized to match the frequency of the
histograms. The χ2 values presented here are given in Tables 4, 5,
6 and 7.

grees of freedom.

7.3.6. Isotropy

Fig. 18.— The two dimensional 148GHz cross-power spectrum
co-added across the ACT-E patches and seasons. For " < 2500
smoothing by a small kernel has been applied. The acoustic fea-
tures in the power spectrum are clearly visible. At " > 2500, where
the instrument noise dominates, we display the raw spectrum. The
black lines represent the CMB-only theory and have been plotted
to guide the eye.

We test the isotropy of the power spectrum by estimat-
ing the power as a function of phase θ = arctan(#y/#x).
We compute the inverse-noise-weighted two-dimensional
spectrum co-added across patches and seasons for the
ACT-E region. We show the mean two-dimensional
cross-power pseudo spectrum in Figure 18. The spec-
trum is symmetric for # to −#, as it is for any real valued
map. To quantify any anisotropy, the power averaged

ACT Likelihood 11

TABLE 2
Likelihood parameters, assuming best-fit 6-parameter ΛCDM for the lensed CMBa.

Parameter Priorb ACTc SPT ACT+SPT

SZ atSZ > 0 3.3± 1.4 4.1± 0.9 4.0± 0.9
akSZ > 0 < 8.6 < 4.2 < 5.0d

CIB ap > 0 6.9± 0.4 7.0± 0.4 7.0± 0.3
ac > 0 4.9± 0.9 6.0± 0.7 5.7± 0.6
βc > 0 2.2± 0.1 2.0± 0.1 2.10± 0.07

tSZ-CIB ξ 0 < ξ < 0.2 < 0.2 < 0.2 < 0.2

Radio as 2.9± 0.4 3.1± 0.4 — 3.2± 0.3
as′ 1.3± 0.2 — 1.4± 0.1 1.4± 0.1

Galactic cirruse age 0.8± 0.2 0.9± 0.2 — 0.9± 0.2
ags 0.4± 0.2 < 0.73 — < 0.70

Calibration y1e 1.00± 0.02 1.010 ± 0.007 — 1.006± 0.006
y2e — 0.99± 0.01 — 0.99± 0.01
y1s 1.00± 0.02 1.011 ± 0.007 — 1.010± 0.007
y2s — 1.03± 0.01 — 1.02± 0.01

y1 — — 1.01± 0.02 1.01± 0.02
y2 — — 1.007± 0.008 1.008± 0.008
y3 — — 1.02± 0.02 1.03± 0.02

best fit χ2/dof 675/697 96/107 773/810
PTE 0.72 0.77 0.82

aSecondary parameters marginalized over the 6 ΛCDM model parameters are reported in Table 1 of Sievers et al. (2013), and are consistent
with these results. The marginalization has little effect on these secondary parameters, increasing errors by at most 10%.
bA flat prior is imposed, unless indicated as a Gaussian with x± y for mean x and standard deviation y.
cResults are reported as 68% confidence levels or 95% upper limits; ξ is unconstrained so the prior upper limit is reported.
dIf the prior on ξ is broadened to 0 < ξ < 0.5, the upper limit increases to akSZ < 6.9 (Sievers et al. 2013).
eThe SPT cirrus level we use is B3000 = 0.16, 0.21, and 2.19 µK2 at 95, 150, and 220 GHz, as measured in Reichardt et al. (2012).

TABLE 3
Derived constraints on foreground power, B3000 (µK2)

ACT SPT
148 GHz 218 GHz 95 GHz 150 GHz 220GHz

CIB-P 6.8± 0.4 78 ±12 0.90± 0.02 8.0± 0.5 69± 10
CIB-C 4.8± 0.9 54 ± 16 0.76± 0.02 6.8± 0.8 59± 12

Radio 3.2± 0.4 1.4± 0.2 7.2± 0.8 1.4± 0.2 0.7± 0.1

Gal-Ea 0.9± 0.2 11± 2.3
Gal-S 0.4± 0.2 5.0± 2.3
aGal-E and Gal-S are the Galactic cirrus powers in the ACT-E

and ACT-S spectra. The levels are close to the priors imposed
from the measured cross-correlations with IRIS (Das et al. 2013)

frequency dependence across the mm-wave bands.

4.3. Tests of the likelihood

This model fits the ACT and SPT data, and includes
our uncertainties about the physical components, with
priors describing our knowledge from other observations.
However, it is a simplified parameterization of the emis-
sion. We therefore consider a set of extensions or modi-
fications to the model, and test how the goodness of fit
to the ACT data is affected by an increase or decrease
in parameters, or a change in the prior assumptions. In
these tests, summarized in Table 4, we hold the cosmo-
logical model fixed at the best-fitting ΛCDM parameters.
A subset of these extensions are considered further in
Sievers et al. (2013), testing their effect on the primary
cosmological parameters.

Fig. 7.— Frequency dependence of the dominant components
of the foreground power at $ = 3000 measured by the combined
ACT and SPT data sets. The bands show the 1σ uncertainties
from Table 2. At 150 − 220 GHz the power from fluctuations in
the CIB dominates; at lower frequencies the thermal SZ and radio
source power is more significant. The SPT radio power is lower
due to deeper integration. The kSZ and tSZ-CIB components are
not shown.

The CIB appears to be well-fit currently by a power-
law in angular scale, with B! ∝ !0.8. Addison et al.
(2012b) find an uncertainty of 0.06 in this scaling. If we

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 < ξ < 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
affect the fit of the model to the data. To compute the
model requires an effective 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

 
 

The ACT Power Spectra 

2d spectrum:  
ACT 148 GHz, 
equatorial region 
(18 uK arcmin). Staggs; Santander 2013 



TT Power Spectra 

Figure courtesy M. Halpern Staggs; Santander 2013 



ACT and SPT are Consistent 

Staggs; Santander 2013 



ACT and SPT are Consistent 

Sudeep Das, Argonne                                        UCSD , Jan 24, 2013

ACT and SPT are consistent

21

(Keisler et al. 2012)
(Das et al. 2013)

(Das et al. 2013)

(Reichardt et al. 2012)

Staggs; Santander 2013 



Comparing 
ACT and 
Planck  

Visual comparison 
of maps in ~3o x 5o 
at equator. 
Point sources are 
removed from ACT 
(only). 

Staggs; Santander 2013 



PRELIMINARY 
ACT:Planck Cross-Correlation 

Figures courtesy T. Louis 

ACT EQUATORIAL PS 
ACT x PLANCK,  EQUATORIAL 

l 

l l 

l 

ACT x PLANCKSOUTHERN STRIP 
ACT SOUTHERN STRIP  PS 

EQUATORIAL RESIDUALS  
 (errors corrected to remove cosmic variance)  

SOUTHERN STRIP RESIDUALS  
 (errors corrected to remove cosmic variance)  

Staggs; Santander 2013 



Constraints on X 
from ACT+WMAP7 	



ACT + WMAP 7 results from Sievers et al 2013;  some include ACT lensing  

Primordial helium:   
 Yp = 0.225 +/- 0.034  

Early dark energy:   
 Ωe < 0.025 (95% CL)  

Varying fine structure constant:   
 α/α0 = 1.004 +/- 0.008 

Inflation ratio of tensor/scalar:   
 r< 0.19 (cf Planck++, < 0.11) 

Inflation:   
 d (ln ns) /dk = - 0.004 +\- 0.012 

ACT:      Neff = 2.79 +/- 0.56 
ACT ++:  Σmν < 0.39 eV (95%  CL) 
(clusters:  < 0.29 eV;  Hasselfield et al 2013 

Staggs; Santander 2013 



ACT + WMAP9 Results 
Calabrese et al 2013 

2

100 500 1000 2000 3000
`

101

102

103

`(
`
+

1)
C

`/
2�

[µ
K

2 ]

WMAP9

ACT
SPT

FIG. 1. WMAP9 temperature data and ACT and SPT CMB lensed bandpowers marginalized over secondary emissions. The
ACT bandpowers are estimated separately for ACT-S and ACT-E and coadded here with an inverse variance weighting. The
SPT bins are highly correlated, (50� 65%) at small scales, ` & 2000, due to foreground uncertainty. The correlation is about
5% between neighbouring ACT bins. The solid line shows the lensed CMB best fit obtained combining the three datasets. The
ACT and SPT bandpowers are available on LAMBDA (http://lambda.gsfc.nasa.gov/).

CMB bandpowers from the 148 and 218 GHz auto and
cross power spectra from two regions (ACT-E and ACT-
S, [7]) of the sky [15], taking the multi-frequency band-
powers in the range 500< ` <10000. We include SPT
150 GHz data [10] from 650< ` <3000, and marginalize
over a common model for secondary components [16]. We
impose a Gaussian prior of 12.3±3.5 µK2 at ` = 3000 on
the SPT radio source Poisson power, having subtracted
7 µK2 of cosmic infrared background Poisson power,
treated separately in our likelihood, from the total ex-
pected Poisson level [10], [17]. The resulting ACT and
SPT lensed bandpowers are shown in Figure 1, and the
secondary parameters are consistent with those reported
in [8, 9]. The errors shown are the diagonal elements of
the covariance matrix, with the SPT calibration error re-
moved for consistency with ACT. The full covariance ma-
trix includes correlations due to foreground uncertainty,
beam error, and the overall calibration for SPT.

We then construct an ACT+SPT likelihood from these
CMB bandpowers, which can also be used for each ex-
periment on its own. This is a Gaussian distribution us-
ing 42 data points from ACT (21 each from ACT-E and
ACT-S) and 47 from SPT, with an associated covariance
matrix. For ACT we only use ` <3500 bandpowers in the
likelihood, where their distributions are Gaussian. When
combining ACT with SPT, we use only ACT-E data to
eliminate the covariance between ACT-S and SPT, which
observe overlapping sky regions. We combine this like-
lihood with WMAP9, using the CosmoMC code [18] to
estimate cosmological parameters.

TABLE I. Standard ⇤CDM parameters from the combination
of WMAP9, ACT and SPT.

Parameter WMAP9 WMAP9 WMAP9
+ACT +SPT +ACT+SPTa

100⌦bh
2 2.260± 0.041 2.231± 0.034 2.252± 0.033

100⌦ch
2 11.46± 0.43 11.16± 0.36 11.22± 0.36

100✓A 1.0396± 0.0019 1.0422± 0.0010 1.0424± 0.0010
⌧ 0.090± 0.014 0.082± 0.013 0.085± 0.013
ns 0.973± 0.011 0.9650± 0.0093 0.9690± 0.0089
109�2

R 2.22± 0.10 2.15± 0.10 2.17± 0.10
⌦⇤

b 0.716± 0.024 0.737± 0.019 0.735± 0.019
�8 0.830± 0.021 0.808± 0.018 0.814± 0.018
t0 13.752± 0.096 13.686± 0.065 13.665± 0.063
H0 69.7± 2.0 71.5± 1.7 71.4± 1.6
100rs/DV 0.57 7.50± 0.17 7.65± 0.14 7.66± 0.14
100rs/DV 0.35 11.29± 0.31 11.56± 0.26 11.57± 0.26
best fit �2 7596.0 7617.1 7640.7

a The combination ACT+SPT uses ACT-E data only.
We report errors at 68% confidence levels.

b Derived parameters: Dark energy density, the amplitude of
matter fluctuations on 8 h�1Mpc scales, the age of the
Universe in Gyr, the Hubble constant in units of km/s/Mpc,
and the galaxy correlation scales at redshifts 0.57 and 0.35.

We consider the basic spatially-flat ⇤CDM cosmologi-
cal model defined by six parameters: the baryon and cold
dark matter densities, ⌦bh

2 and ⌦ch
2; the angular scale

of the acoustic horizon at decoupling, ✓A; the reionization
optical depth, ⌧ ; the amplitude and the scalar spectral
index of primordial adiabatic density perturbations, �2

R

Skewness σ8:  
0.79 +/- 0.03 
Wilson et al 2012  

Clusters σ8:  
0.829 +/- 0.024 

Hasselfield et al 2013  

Staggs; Santander 2013 



ACT’s Clear Evidence for 
 the Kinematic SZ Effect 

Hand et al 2012 

•  The kSZ  varies as Me v and for low mass 
systems (M~1013 Msun) is comparable in 
size to the TSZ effect. 

•  Thus ΔTkSZ traces cluster momentum. 
•  Growth of structure imparts motions to 

clusters (and groups) 
•  In particular, cluster pairs have a slight 

tendency to move toward each other:  

•  As with pairwise velocities, one can 
construct line-of-sight pairwise momenta 

 < 0 

Staggs; Santander 2013 



ACT Provides the First Clear Evidence for 
 the Kinematic SZ Effect 

Hand et al 2012 

•  220 deg2  overlap 
region btwn ACT and 
BOSS/DR9. 

•  LRGs  locate haloes. 
•  Pick the 5000 

brightest. 
•  Let the ACT 148 GHz 

map temperature at 
the position of each 
LRG serve as a tracer 
of the kSZ signal and 
thus the cluster LOS 
momentum! 

Null test 

Probability of null = 0.002 

Staggs; Santander 2013 



CLUSTERS REVEALED BY SKEWNESS  in the ACT equatorial maps (Wilson et al 2012) 

Filter  MASK 
Mask sources: 14.5% of map 

Match-filter/CLEAN > 5σ from 
148 GHz map 

Mask dusty galaxies from 218 
GHz maps (heavily) 

Find <T3> = -31 +/- 6 µK3 (stat) 

Skewed! 

COMPLEMENTS TSZ PS DATA 
1)  Sources & TSZ have opposite sign; CMB, 

atmosphere &  detector noise have no 
skewness 

2)  Probes higher mass systems fewer 
feedback concerns:  half of PS but only ~ 
20% of <T3> from M < 4x1014Msun 

3)   <T3>  scales as ~ σ8
11 cf σ8

8 for PS 

Full error = 14 µK3 

Signal diminishes as remove confirmed clusters 
σ8 = 0.78 +/- 0.03 (68% CL) 

Staggs; Santander 2013 



•  New camera – 16x faster than MBAC 
•  Wide survey (~4000 deg2) 
•  Deep survey (5 fields, each 25 deg2) 
•  Described in Niemack et al, arXiv:1006.5049  

Sudeep Das, Argonne                                        UCSD , Jan 24, 2013 29

ACTPol: ADDING POLARIZATION TO ACT
Also ongoing are polarbear and sptpol

ACTPol  will make precise measurements of small scale CMB polarization 
spectrum.  ACTPol is funded, and will start imminently. 

See Niemack et al (2010) 

EE  BB
Planck

ACTPol

Planck

ACTPol

For BB, the high-l spectrum comes primarily from gravitational lensing of the 
CMB E-modes. 



Staggs Rutgers 2013 

ACTPol Science Goals in Brief 
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Figure 2. The upper left panel shows the statistical noise per multipole for Planck, ACTPol Wide, and ACTPol Deep
(§3) and the predicted EE and BB power spectra. The BB spectrum is due to lensing. The other three panels show the
EE, BB, and TE spectra with target ACTPol errors (filled red boxes, which are small on a linear scale except in the
BB spectrum; Figure 1 shows the EE spectrum on a logarithmic scale) and Planck errors (open green boxes). At low
!, when the Planck errors are smaller, only they (open green boxes) are shown. In the BB spectrum the red boxes at
! < 850 are for the ACTPol wide survey (§3), while the red boxes at ! > 850 are for the ACTPol deep survey. The latter
three panels are binned with ∆! = 50. Atmospheric contamination may preclude ACTPol measurements below ! ∼ 500;
however, the atmosphere is not polarized at these frequencies, which could enable polarization measurements at lower !
than temperature measurements. The y-axes are in µK2.

of the response of the CMB to perturbations laid down in the early Universe as seen at a redshift of z ∼ 1000.
At smaller angular scales nonlinear physics (structure formation) dominates, and the foreground contamination
by point sources such as radio and starforming galaxies becomes significant. Measuring the transition between
these two regimes in both temperature and polarization will improve constraints on the standard cosmological
model.

Our planned ACTPol surveys (§3) are designed to continue characterizing the temperature (TT) foregrounds
out to ! ∼ 8, 000 and to measure the E-mode polarization (EE), temperature to E-mode (TE), and B-mode
polarization (BB) power spectra with high signal-to-noise ratio (see Figures 1 and 2) out to ! ! 3000. These
data will allow us to probe early-Universe physics, reduce errors on cosmological parameters, measure the number
of neutrino species, and determine the helium abundance (Table 1). We address the science related to the various
power spectra below. Although the results are derived from the combined analysis of all spectra, we concentrate
on TT and EE in this section, and focus on BB when we discuss lensing (§2.2).

Proc. of SPIE Vol. 7741  77411S-3

Downloaded from SPIE Digital Library on 13 Sep 2011 to 137.82.117.28. Terms of Use:  http://spiedl.org/terms

Statistical Noise Curves 

Wide survey (~4000 deg2);   Deep survey (5 fields, each 25 deg2) 

Cluster Catalog -   
•  Overlap with existing surveys 
•  Complementary to SPT/Planck 

Improved power spectra – 
•  (TT) 
•  TE 
•  E-modes 
•  B-modes 
•  Deflection field 

Maps – 
•  CMB  
•  Deflection field 

Staggs  Santander 2013 
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Primordial B-modes  

Temperature

E-mode B-mode

primordial
lensing

10 100 1000

104

102

100

10
-2

BICEP
DASICAPMAP

QUADMAXIPOL

BOOMERANG

WMAP

ACBAR

SPT

ACT

QUIET

dashed horizontal lines- limits on B-modes
solid vertical lines - measurements of  T and E

measurements

CBI   

Primordial B-
modes peak at 
even larger 
angles than TT! 
(c > c/31/2) 

Staggs  Santander 2013 
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Primordial B-modes  

ACT has  leading-edge dynamic range (cross-linking, ML maps   little 
filtering) ... nonetheless ACTPol’s first targets will be lensing B-modes. 

Primordial B-
modes peak at 
even larger 
angles than TT! 
(c > c/31/2) 

Staggs;   KITP 2013 Staggs  Santander 2013 
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ACTPol, Lensing and the CMB 
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Smith, Cooray, Das, Dore et al., CMBPOL Lensing White Paper (2009) 

LENSING MAKES THE CMB UNIQUELY 
SENSITIVE TO GEOMETRY AND STRUCTURE

CMB Lensing is going to explode as a field 
in the next few years
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ACTPOL Lensing Forecasts ACTPOL: DESIGNED TO BE A POWERFUL 
CMB LENSING MACHINE

Assuming no systematics other than instrumental noise, these plots
show the signal and noise power spectra for the Deep and Wide configurations.

ACTPOL-DEEP:
150 sq-deg @ 3 µK-arcmin (temp)
and 5 µK-arcmin (pol)

ACTPOL-WIDE:
4000 sq-deg @ 20 µK-arcmin (temp)
and 28 µK-arcmin (pol)

Signal

Optimal Noise

Signal

Optimal Noise

Staggs; Santander 2013 



ACTPol Instrument 

Old optical path 

New optical path 

30 cm 

30 cm 

New optical path 

•  Increased throughput 
optical design (M.Niemack) 

•  Wideband silicon lenses (J. 
McMahon) 

•  Feedhorn-coupled 
polarization arrays of TES 
bolometers from NIST 
(TRUCE) 

•  2 arrays at 150 GHz;   
•  1  at 100/150 GHz 
•  100 mK cryogenics 

Staggs; Santander 2013 
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ACTPol Instrument 
•  Completion of the 

assembly, test, and 
full assembly of the  
first array of 
detectors! 

•  The first 150 GHz 
array is in Chile now. 

•  Second and third 
arrays in progress with 
special thanks to 
NIST team. 

Special thanks to graduate students Emily Grace 
and Christine Pappas with postdoc Laura 
Newburgh, and to Ben Schmitt, Marius Lungu 
and Pato Gallardo (not shown) for field 
deployment with Masao Uehara. 

Staggs; Santander 2013 



ACTPol Receiver Deployment 

Observing the sky with the receiver at 17kft Putting the receiver 
into the telescope 
cabin 2 weeks ago! Special thanks to graduate students Ben Schmitt and Marius 

Lungu in the field with Pato Gallardo and Masao Uehara 

Staggs; Santander 2013 



THE END 


