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The Simons Observatory: Target Science  
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These different fluctuations can be described 
statistically in terms of the angular power spectra:

‣ The tensor-to-scalar ratio is then defined as:  (→ amplitude of the tensor perturbation power spectrum); 

‣ If  is non-zero, it would be compelling evidence for inflationary gravitational waves. 
r = At /As

r

credits: Josquin Errard
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The Simons Observatory: Target Science  
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 The Simons Observatory: Observatory Site 
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LARGE APERTURE TELESCOPE (LAT)

‣ Cross-Dragone telescope 
(6m mirror) with 30 000 TES 
detectors; 

‣ Observing in 6 frequency 
bands [27, 39, 93, 145, 225, 
280] GHz.

Making wide maps of the sky 
with a high angular resolution. 

credits: SO Collaboration

‣ CMB observatory 
located in the Atacama 
desert (Chile); 

‣ Site offers excellent 
conditions for CMB 
observations: 

‣ Altitude of 5200 m 
→ average PWV of 
1.2 mm, 

‣ Latitude of -23° → 
possibility to observe 
up to 80% of the sky.

SATp3 SATp2

SATp1

SMALL APERTURE TELESCOPES (SATs)
Making deep maps of the sky with a low angular resolution.

‣ 3 “nominal” SATs + 3 more SATs 
(SO:UK & SO:JP) deployed in 
2026/2027 (“Advanced SO”); 

‣ Observing in 6 frequency bands 
[27, 39, 93, 145, 225, 280] GHz;

‣ SATp1 & SATp3 observing at 
90/150 GHz are taking initial 
science data since late 2024; 

‣ SATp2 observing at 220/280 
GHz is being commissioned.

https://simonsobservatory.org/
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The Simons Observatory: SAT Instrument Specifications
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‣ The SATs have a 0.42 m aperture; 

‣ They feature a wide 35° field of view; 

‣ Achieve an angular resolution of 17 
arcmin at 145 GHz; 

‣ The detectors are transition edge 
sensor (TES) bolometers; 

‣ Each SAT contains approximately 12 
000 TES detectors; 

‣ Equipped with a continuously rotating 
half-wave plate.

Cross-section view of a SAT 
showing the principal components

Detailed view of the small 
aperture telescope platform 

so
ur

ce
: G

al
itz

ki 
et

 al
. 2

02
4

https://arxiv.org/pdf/2405.05550
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The Simons Observatory: SAT Instrument Specifications
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Per-detector performance: 
SATp1 and SATp3 at 90 GHz

Per-detector performance: 
SATp1 and SATp3 at 150 GHz

‣ Per-detector sensitivities exceed 
forecasted baseline scenario for both 
telescopes; 

‣ SATp3 even surpasses the forecasted 
goal scenario; 

‣ These effective NET are consistent with 
the required noise at map level.

‣ The SATs have a 0.42 m aperture; 

‣ They feature a wide 35° field of view; 

‣ Achieve an angular resolution of 17 
arcmin at 145 GHz; 

‣ The detectors are transition edge 
sensor (TES) bolometers; 

‣ Each SAT contains approximately 12 
000 TES detectors; 

‣ Equipped with a continuously rotating 
half-wave plate.

Cross-section view of a SAT 
showing the principal components

Detailed view of the small 
aperture telescope platform 
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The Simons Observatory: SAT Survey Footprint
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SOUTHERN DEEP FIELD 
(2400 deg2)

NORTHERN DEEP FIELD 
(1000 deg2)

Signal-dominated region: 
~10% of the sky

credits: SO Collaboration
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The Simons Observatory: SAT Scanning Strategy
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Example of SO SAT scanning strategy during austral winter:

SUN

JUPITER

SATURN

FOCAL PLANE 
FOOTPRINT

BORESIGHT THROW 
(SINGLE SCAN)

USUAL SCAN PARAMETERS: 
ELEVATION: 60° 

BORESIGHT THROW: 40° 

SCANNING SPEED: 0.5°/s

credits: SO Collaboration
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The Simons Observatory: Tensor-to-Scalar Ratio Measurement Forecasts  
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years of observation 

Forecasted 68% contraints on the tensor-to-scalar ratio r 
as a function of time for the advanced SO configuration:

50% delensing

70% delensing

Different 
foregrounds /
noise model 
assumptions

nominal SO 
configuration

SO expects to achieve σr ~ 10-3, pushing current 
constraints down by an order of magnitude. 
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SAT Early Observations: Polarization Depth Map

8

Polarization depth from SATp1 + SATp3 at 150 GHz
(Data from ~300 days taken over 18 months)

polarization depth (μK-arcmin)

PRELIMINARY

figure credits: SO Collaboration
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SAT Early Observations: T/Q/U Maps
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Temperature and polarisation maps from SATp1 and SATp3 at 90 + 150 GHz  
(Data taken over a couple of months)

PRELIMINARY

PRELIMINARY

PRELIMINARY

figure credits: SO Collaboration
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SAT Early Observations: T/Q/U Maps
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Temperature and polarisation maps from SATp1 and SATp3 at 90 + 150 GHz  
(Data taken over a couple of months; zoom in on the south patch)
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SAT Early Observations: SO vs. Planck Comparison
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Polarisation maps from SATp1 at 150 GHz  
(Data taken over a couple of months)

SO SAT 150 GHz 
PRELIMINARY
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PLANCK 143 GHz 
RE-OBSERVED
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SAT Early Observations: EE Power Spectrum
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PRELIMINARY

EE power spectrum from SATp3 90, 150 and 90x150 GHz
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SO SAT Data Analysis: Classic CMB Data Analysis Pipeline
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Time-ordered 
data (TODs)

PRE-PROCESSING

Clean the raw 
time-ordered 

data by removing 
glitches, drifts, 

and atmospheric 
contamination.
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SciPo S  
 --  
 - 
 

Unearthing the  
Rosetta Stone 
of the Universe

Hints from polarization

A MILESTONE FOR 
COSMOLOGY AND BEYOND

The CMB is slightly polarized – 
the electric field of the associated 
photons oscillated in a preferred 
direction after scattering off 
particles like electrons. 

Maps of the CMB’s polarization 
are key to characterizing 
the early Universe and 
identifying its composition.

CMB polarization maps are 
used to test physical theories 
like cosmic inflation and may help 
us understand the fundamental 
nature of dark matter and energy.

polarizationparticle

?

 The oldest map of our Universe

CMB

The Cosmic Microwave Background 
(CMB) was emitted just after the 
Big Bang. It contains an imprint 
of the high-energy physics which 
dominated the Universe when 
it was only 380,000 years old 
(0.003% of its current age).

Characterizing the first moments
Cosmology brings together 
researchers, engineers, 
and technicians from 
various disciplines to study 
the origin and evolution 
of the Universe as a whole.

Our Universe is expanding and 
light takes time to reach us. With 
extremely sensitive instruments 
and methodical observations, 
we can detect faint signals from 
the Universe’s earliest moments.

SciPol is a research project led by Josquin 
Errard. It has been funded by the European 
Research Council since 2023.

Scipol aims at revealing the mysteries of the early 
Universe through efficient exploitation of cutting-
edge Cosmic Microwave Background observations, 
with an innovative mitigation of the instrumental, 
astrophysical and environmental systematics.

A STUDY OF THE  
ENTIRE UNIVERSE

?

Simons Observatory (SO) 
is a state-of-the-art CMB project 
operating from Atacama desert, Chile. 
Portraits from left to right and top to bottom: 
Josquin Errard, Artem Basyrov, Ève Barlier, Wuhyun Sohn, 
Amalia Villarrubia Aguilar, Benedetta Kalemi, Radek Stompor, 
Simon Biquard, Pierre Chanial, Ema Tsang King Sang, Benjamin
Beringue, Wassim Kabalan, Baptiste Jost, Clément Leloup, Magdy
Morshed, Arianna Rizzieri, Guillaume Patanchon, Ken Ganga, Pierre 
Masson, Tran Hoang Viet, Alexandre Boucaud, Maude Le Jeune.
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The CMB is slightly polarized – 
the electric field of the associated 
photons oscillated in a preferred 
direction after scattering off 
particles like electrons. 

Maps of the CMB’s polarization 
are key to characterizing 
the early Universe and 
identifying its composition.

CMB polarization maps are 
used to test physical theories 
like cosmic inflation and may help 
us understand the fundamental 
nature of dark matter and energy.

polarizationparticle

?

 The oldest map of our Universe

CMB

The Cosmic Microwave Background 
(CMB) was emitted just after the 
Big Bang. It contains an imprint 
of the high-energy physics which 
dominated the Universe when 
it was only 380,000 years old 
(0.003% of its current age).

Characterizing the first moments
Cosmology brings together 
researchers, engineers, 
and technicians from 
various disciplines to study 
the origin and evolution 
of the Universe as a whole.

Our Universe is expanding and 
light takes time to reach us. With 
extremely sensitive instruments 
and methodical observations, 
we can detect faint signals from 
the Universe’s earliest moments.

SciPol is a research project led by Josquin 
Errard. It has been funded by the European 
Research Council since 2023.

Scipol aims at revealing the mysteries of the early 
Universe through efficient exploitation of cutting-
edge Cosmic Microwave Background observations, 
with an innovative mitigation of the instrumental, 
astrophysical and environmental systematics.

A STUDY OF THE  
ENTIRE UNIVERSE

?

Simons Observatory (SO) 
is a state-of-the-art CMB project 
operating from Atacama desert, Chile. 
Portraits from left to right and top to bottom: 
Josquin Errard, Artem Basyrov, Ève Barlier, Wuhyun Sohn, 
Amalia Villarrubia Aguilar, Benedetta Kalemi, Radek Stompor, 
Simon Biquard, Pierre Chanial, Ema Tsang King Sang, Benjamin
Beringue, Wassim Kabalan, Baptiste Jost, Clément Leloup, Magdy
Morshed, Arianna Rizzieri, Guillaume Patanchon, Ken Ganga, Pierre 
Masson, Tran Hoang Viet, Alexandre Boucaud, Maude Le Jeune.
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gravitational waves

intensity 
anisotropies

polarization  
maps

inflation

~46.5 billions 
light-years

expansionexpansion  
of the Universe

observable universe

E-mode

B-mode
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[1] BICEP/Keck Collaboration 2018 
drawings: Eve Barlier

Frequency maps
Propagate the map-level 
sky model to the power 

spectrum level. 

Compute the full set of 
cross-power spectra 

between all frequency 
maps

SOOPERCOOL

‣ Baseline pipeline applied to 
SO SAT initial science data;  

‣ Based on a multi-frequency, 
power spectrum based 
component separation 
method. 

→ baseline BICEP/Keck [1]

Compare estimated vs. modeled 
power spectra through a 

likelihood to sample cosmological 
and foreground parameters.  

‣ Three main pipelines are developed in SO to perform the analysis from frequency maps to cosmological 
parameters: Cross-Cl pipeline (SOOPERCOOL), Map-based pipeline (MEGATOP) and Needlet-ILC pipeline (NILC); 

‣ These pipelines rely on different assumptions and methods, making them powerful cross-checks of one 
another and increasing our confidence in the final results.

https://arxiv.org/abs/1810.05216
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SO SAT Data Analysis: Pipelines Overview (MEGATOP)
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MEGATOP

‣Used for cross checks of the 
SOOPERCOOL pipeline; 

‣Based on a multi-frequency, 
map-based component 
separation method. 
→ similar formalism used in 
BICEP/Keck 2018 + Planck 
reanalysis [2]

Frequency maps
Estimate foreground spectral 

parameters by minimizing 
the spectral likelihood

Construct component 
separated maps (CMB, 

dust, synchrotron)

Compute the 
angular power 

spectrum of each 
sky component.

Estimate 
cosmological 
parameters by 

sampling a likelihood.

[2] BICEP/Keck Collaboration 2025 
drawings: Eve Barlier

‣ Three main pipelines are developed in SO to perform the analysis from frequency maps to cosmological 
parameters: Cross-Cl pipeline (SOOPERCOOL), Map-based pipeline (MEGATOP) and Needlet-ILC pipeline (NILC); 

‣ These pipelines rely on different assumptions and methods, making them powerful cross-checks of one 
another and increasing our confidence in the final results.

And more! 

PIPELINE 
DEVELOPED AT 

APC (PARIS) 
WITHIN THE 

SCIPOL PROJECT

https://arxiv.org/pdf/2509.21648
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These 3 pipelines have been 
validated on simulations; they 
all achieve unbiased estimates 
of  across different levels of 
foreground complexity.

r

https://arxiv.org/abs/2302.04276
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‣ SATp1 and SATp3 have accumulated approximately one 
year of early science data, with per-detector 
sensitivities meeting or exceeding baseline targets. 
SATp2 is currently being commissioned. 

‣ The data analysis pipeline has been demonstrated end-
to-end and continues to be refined, with first science 
results potentially expected by the end of this year. 

‣ Three additional SATs are scheduled for deployment in 
late 2026/early 2027, with observations expected to 
begin in 2027. 

‣ Watch out for upcoming commissioning and early data 
papers!


