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> 300 Collaborators 
across 40+ institutions in 
10 countries!

July 2022



CMB Telescopes
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Image Credit: J. Errard



The Simons Observatory
• Atacama Desert, Chile @ 5200m 
• Precipitable water vapor (PWV) ~ 1mm
• 6 frequency bands: 27 to 285 GHz
• one 6m Large Aperture Telescope (LAT) 

with ~30,000 detectors
• Three 0.42m Small Aperture Telescopes 

(SATs) with ~30,000 detectors total 

Simons Array

Adv ACTPol
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View from the LAT, 
August 2023



SO Science
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SO Science

• SAT target degree angular 
scales; dichroic 
instruments at:
• MF: 93/145 GHz
• UHF: 225/285 GHz
• LF: 27/39 GHz

• SATs map ~10% of sky
• LAT maps ~40% of sky
• Nominal 5 year survey
• Primary SO SAT science 

goal characterizing 
primordial r: 𝜎(r) = 0.003 for 
an r = 0 model

Astro2020 APC 
White Paper: The 
Simons Observatory

SO Collaboration 2019
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Reionization bump Recombination bump

E -> B leakage from 
gravitational lensing



SO Telescopes

• LAT covers small angular scales
• SAT covers large angular 

scales: primordial B-modes!
• SAT + LAT data -> foreground 

characterization and separation 
over many angular scales to 
increase foreground cleaning 
strategy

• LAT + LSS surveys -> 
reconstruction of lensing 
potential for lensing B-mode 
removal from SAT patch

• Note: r forecast does not 
assume any LAT lensing data!

Ali 2020

From SO gallery
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LAT 
Interlude

Aashrita Mangu TAUP 2023 8



SATs!
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Structure of a SAT

Galitzki 2018
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From SO gallery
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SAT-MF1 
Deployment

• Finished assembly of 
the SAT-MF1 receiver 
in Chile at the site

• Platform constructed
• SAT-MF1 is in the SAT 

Platform ready to start 
cooling!

• First light and data is 
around the corner!
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From SO gallery
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SAT-MF1 
Deployment



• SAT-MF2 (top) packed 
and shipping to Chile

• SAT-UHF preparing for 
final cryogenic validation 
with focal plane modules 
installed. Packing and 
shipping after this run.

• Platforms are ready to go!
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From SO gallery
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SAT-MF2/SAT-UHF

SAT-MF2

SAT-UHF



SO Detectors
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Healy 2022

• Dual-polarized dichroic transition 
edge sensors (TESs)

• Universal Focal Plane Modules (UFMs) 
are closely packed 

• > 60,000 TES detectors across LAT 
and SATs
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Title Parameter Baseline Goal Current Method

Primordial 
Perturbations r 0.003 0.002 0.03 BB

Relativistic Species Neff 0.07 0.05 0.2 TT/TE/EE +	κκ

Neutrino Mass Σmν 0.04 0.03 0.1 κκ+DESI

Deviations from Λ H0(ΛCDM) 0.4 0.3 0.5 TT/TE/EE + κκ

Galaxy Evolution Feedback efficiency in 
massive halos 3% 2% 50-100% kSZ+tSZ+DESI

Reionization Δz 0.6 0.3 1.4 TT (kSZ)

SO Nominal Forecasting

SO Collaboration 2019, 
adapted from a table by N. Galitzki☐ SAT focus

Note: SO = SO Nominal (current) + SO:UK + SO:Japan + Advanced SO 
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SO:Japan + SO:UK

SAT-MF2

• Funded in Japan (1x, LF) and UK (2x, using MKIDS and not TESs)
• Double number of SATs!

With SO:J and SO:UK
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Advanced Simons Observatory

• LAT : 7 -> all optics tubes populated out of 13
• Data management advances
• Replace 70% of power at site with solar energy using photo voltaic arrays NSF Announcement

Optics Tubes Photovoltaic Array

• Six New Optics Tubes
• Double Mapping Speed for 

Delesning and other science
• Enable Transient Detection
• No Development Required

• Full Maps Processed in 6 
Months

• Daily Transient Alerts 
• Verification and Systematics 

Mitigation
• Community Maps and Tools

• 9% increase in Observing 
Efficiency

• Reduced Carbon Footprint
• Reduced Maintenance Costs

Data Management

https://new.nsf.gov/news/detecting-faint-traces-universes-explosive-birth


• Nominal SO full observations starting 2024
• SO:Japan and SO:UK scheduled for full observations in ~2026 => look forward to updated forecasting papers with updated 

sensitivity estimates!
• ASO scheduled for full observations in ~2028
• Look out for instrument papers coming up!
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Looking ahead



www.simonsobservatory.org

@SimonsObs
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Thank You!
SAT-MF2

http://www.simonsobservatory.org/


Back Up Slides
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Tidal Disruption Events
Missing Baryons

Star Formation, Magnetic Fields 
and Dust Turbulence

Training the 
Next Generation

Stellar Flares Variable AGN

Exo-Oort Clouds Planet 9

Interstellar Dust

Time Domain
Astrophysics

Planetary Science

Galactic
Astronomy

Galaxy Clusters

The Evolution of the Universe 
Over Cosmic Time

H0 Tension and New Physics

Light Relics and 
Neutrinos

Cosmology and
Particle Physics

Sources

Extragalactic
Astronomy
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SO Forecasting 2019
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CMB Temperature

• Temperature anisotropies in CMB
• Acoustic peaks seen from (mostly) density waves
• Very well studied

Temperature data provides interesting cosmological data like curvature of the universe, dark matter density, etc!

ESA/Planck 2015

Planck 2018 V
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CMB Polarization
Polarization anisotropies!

Sources of B modes:
• Inflationary gravitational waves
• Gravitational lensing of E modes
• Galactic foregrounds

BICEP collaboration

Lazear 2014
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Errard 2015
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Galitzski SO 
talk, SPIE
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The Simons Observatory
- 3 SATs map ~10% of sky at noise level of ~2μK-

arcmin combining MF bands
- Assumed 20% observation efficiency

Ali 2020
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SAT Structure
Basic structure of a small aperture telescope

Ali 2020
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Microwave Multiplexing TES Readout

M.S. Rao 2020
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CHWP


