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Why do we look at the CMB?



Why do we look at the CMB?

Picture of the Universe at recombination, but not only...



Why do we look at the CMB?

Window to the early Universe:
● Spectral index (ns)
● Primordial gravitational wave (r)
● Non Gaussianity (fNL)



Why do we look at the CMB?

Fundamental physics:
● Neutrinos (Σmν, Neff)
● Light relics
● Dark Matter annihilation/interaction



Why do we look at the CMB?

Universe History:
● Lensing
● Re-ionization
● Dark Energy
● Clusters, Galaxies, etc



How do we look 
at the CMB?
● Temperature
● Polarisation
● Power Spectrum/map
● Large scales/small scales

Hilton et al. (2018) Planck collaboration (2018)



Ground based observations
Planck collaboration  (2018)

JM Kovac 
(Proceedings  of the 

6th Rencontres du Vietnam 2006)

Trade-off between:
● signal
● foregrounds
● atmosphere transmission



Atacama Desert

Great PWV conditions and high fraction of available sky

Barron  et al. (2018)







ALMA

ACT



ACT

CLASS

POLARBEAR/Simons Array

Simons Observatory (soon)



ACT Collaboration



The Atacama Cosmology Telescope

Thornton et al. (2016)



Cryostat

Thornton et al. (2016)



Cameras

s13
PA1 - 150GHz

s14
PA1 - 150GHz
PA2 - 150GHz

s15
PA1 - 150GHz
PA2 - 150GHz

PA3 - 90/150GHz

s16
PA2 - 150GHz

PA3 - 90/150GHz
HF - 150/220GHz

s17
MF - 90/150GHz
MF - 90/150GHz
HF - 150/220GHz

ACTPol AdvACT
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Credit: Sigurd Naess Note that small scale grainy structures in the Planck map comes from 
Planck noise being smoothed by upscaling to ACT resolution.

https://docs.google.com/file/d/1SYfjnzLloZc5DT4n_z_2P5wOiy7kWPkm/preview


A
C
T
P
O
L

P
L
A
N
C
K

Credit: Sigurd Naess Note that small scale grainy structures in the Planck map comes from 
Planck noise being smoothed by upscaling to ACT resolution.



Observations (s13) - 150 GHz

Credit: Simone Aiola



Observations (s14) - 150 GHz

Credit: Simone Aiola



Analysis (s13-s14)
● Naess et al. (2014): PS and parameters
● Louis et al. (2017): PS and parameters
● van Engelen et al. (2015): Lensing from CIB
● Madhavacheril el al. (2015): Lensing by DM Halos
● Scherwin et al. (2017): Lensing PS
● Allison et al. (2015): Radio Galaxy Bias
● Schaan el al. (2016): kSZ ACTPol+BOSS
● de Bernardis et al. (2017): pairwise kSZ ACTPol+BOSS
● Hilton et al. (2018): SZ catalog
● Datta et al. (submitted): Polarized sources
● Coulton et al. (submitted): NG from secondary anisotropies



̴600 sq-deg (filtered)

Polarization maps are signal dominated

Deep56 area
Louis et al. (2017)



Constraining power from polarization

But constraints from TE better 
than from TT for some 

parameters 

Not competitive 
alone for lack of 

large scales

Louis et al. (2017)



Lensing

Sherwin et al. (2017)

Constraining power on 
Ωm, σ8 and Σmν 

combining with BAO



SZ Clusters
Pairwise kSZ (ACTPol+BOSS)

Bernardis et al. (2017)

Hilton et al. (2017)

182 SZ clusters catalog
+ redshifts from follow-up

kSZ (ACTPol+BOSS)
Schaan et al. (2017)



Sources

Datta et al. (submitted)

Polarization for 
181 extragalactic 

sources



Non-Gaussianities from secondary 
anisotropies

Coulton et al. 
(submitted)

ACTPol 
(resolution)

+
Planck 

(multifrequency)



Public data
● Maps

○ s13 + s14
○ I, Q, U, hits, noise, lensing

● Beams
● Spectra
● Likelihood

○ CMB
○ Lensing

● Sources
○ masks
○ SZ catalog

https://lambda.gsfc.nasa.gov/product/act/actpol_prod_table.cfm



Observations (s15) - 90/150 GHz

Credit: Simone Aiola



Observations (s16) - 90/150/220 GHz

Credit: Simone Aiola



Analysis (s13-s16)
● More data

○ 20% more detectors for s13 and s14
○ s15
○ s16 (pa2 and pa3 only - no 220 GHz!)

● Improved noise model in the pipeline
● 90 GHz

○ consistency check with 150 GHz
○ better at large scale (atmosphere)

Aiola et al. (in prep)
Choi et al. (in prep)



Preliminary results: constraining power

TT

TE

Figures from Simone Aiola

EE

Aiola et al. (in prep) and Choi et al. (in prep)



Preliminary results: Power Spectrum

TE

EE

Aiola et al. (in prep) and Choi et al. (in prep)

Figures from Steve Choi



Preliminary results: constraining power

Aiola et al. (in prep) and Choi et al. (in prep)
Figures from Erminia Calabrese, Steve 

Choi and Simone Aiola

PRELIMINARY



Coming next: 
Multi-frequency on 40% of the sky

s16
PA2 - 150GHz

PA3 - 90/150GHz
HF - 150/220GHz

s17
MF - 90/150GHz
MF - 90/150GHz
HF - 150/220GHz

s18
MF - 90/150GHz
MF - 90/150GHz
HF - 150/220GHz

s19
LF - 28/41GHz

MF - 90/150GHz
HF - 150/220GHz



Thank you!


