
B. Westbrook - Rencontres de Blois: Particle Physics and Cosmology, Blois, Loire Valley, France, May 14-19 2023 - 1808.07445 / 27

The Simons Observatory: 
Science Goals, Sensitivity 

Forecasting, and Instrumentation 
Benjamin Westbrook for the Simons Observatory

Rencontres de Blois: Particle Physics and Cosmology
Blois, Loire Valley, France

May 18, 2023

1



B. Westbrook - Rencontres de Blois: Particle Physics and Cosmology, Blois, Loire Valley, France, May 14-19 2023 - 1808.07445 / 27

The Simons Observatory Collaboration
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Construction of nominal project is 
funded privately and is fully under 

way. >300 collaborators

SO Collaboration Meeting
UCSD June 2022
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The Ethos of Simons Observatory

www.simonsobservatory.org

@SimonsObs

Art & Science Book

STEM Camp in 
Trenton, NJ

State of the Art Observatory
Studying Fundamental Science

Training the Next 
Generation of Scientists

10 Countries | 40+ Institutions | 300+ Researchers

EDI!

EDI!

http://www.simonsobservatory.org
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Talk Outline

1. Science Goals of the Simons Observatory 
2. Sensitivity Forecasting 
3. Instrument Overview
4. Plans for the future 
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Science Goals of SO

1. Science Goals of the Simons Observatory 
2. Sensitivity Forecasting 
3. Instrument Overview
4. Plans for the future 



B. Westbrook - Rencontres de Blois: Particle Physics and Cosmology, Blois, Loire Valley, France, May 14-19 2023 - 1808.07445 / 276

Science Goals of SO 

Slide for J. Errard’s on Monday

https://indico.cern.ch/event/1230772/contributions/5364170/attachments/2647121/4582301/04_errard.pdf
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Science Goals of SO
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Science Goals of SO: CMB
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Science Goals of SO 

See: The Simons Observatory: science goals and forecasts

https://ui.adsabs.harvard.edu/abs/2019JCAP...02..056A/abstract
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● Variable Active Galactic Nuclei: 
O(100-1000s) / monthly at 1-10 mm. 

● Potential of mm transients: 
○ Orphan afterglows of Gamma Ray Bursts
○ Potential follow-up of Rubin Observatory optical 

transients 

● 30k high-z dusty galaxies
● 20k galaxy clusters (Agnes Ferte’s talk)
● Oort clouds, planet 9, tidal disruption
● Galactic star formation, magnetic fields

Science Goals of SO: Astonomical ObjectsScience Goals of SO: Astonomical Objects

https://indico.cern.ch/event/1230772/contributions/5391831/attachments/2649716/4587502/Ferte.pdf
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Science Goals of SO: Dark Matter

● CMB is already a prime motivator of DM
● Mapping Large Scale Structure = locating Dark Matter
● Delensing magnitude = growth of structure history
● Cluster Lensing: optical + SZ surveys 
● K. Boddy et. al. 2022

● CR e+- produced by DM decay/annihilation in the 
galactic plane

● Once ‘captured’ by a magnetic field line they will 
emit synchrotron radiation 

● CMB optimized telescopes (e.g. Planck, SO) will 
be sensitive to this radiation

● S. Maconi et. al. 2022 

LINK TO TALKLINK TO TALK

https://arxiv.org/abs/2203.06380
https://arxiv.org/pdf/2204.04232
https://indico.cern.ch/event/1230772/contributions/5391708/attachments/2648372/4584750/Manconi.pdf
https://indico.cern.ch/event/1230772/contributions/5364194/attachments/2648021/4584034/kboddy.pdf
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Sensitivity Forecasting

1. Science Goals of the Simons Observatory 
2. Sensitivity Forecasting 
3. Instrument Overview
4. Plans for the future 
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} 6 𝝻k-arcmin

} 2 𝝻k-arcmin

Sensitivity Forecasting by Band
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Sensitivity Forecasting and Science Goals

SO Forecasting JCAP 02 (2019) 056 (1808.07445)

https://arxiv.org/abs/1808.07445
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Instrument Overview

1. Science Goals of the Simons Observatory 
2. Sensitivity Forecasting 
3. Instrument Overview
4. Plans for the future 
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Simons Observatory: Site 
5,200 meters

High and dry 

23 degree South 
Latitude

Established site 

Room for 
expansion

Upgrade to PVA

Simons
Array

ACT

CLASS

SO-Nominal

April, 2022
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Simons Observatory (Nominal): SATs
● SO will initially deploy three small 

aperture telescopes (SATs) 

● Refractive telescopes

● 42 cm apertures
 

● 10,000 detectors per telescope

● Observations from 1 to 10 mm 
 

● See end of talk for planned 
expansion of SO 
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Simons Observatory: LAT

Large Aperture Telescope 
Receiver Enclosure

Construction of the LAT at 
Vertex in Germany

Pouring of the foundation of 
the LAT platform at the site

Integration of LAT 
at UPenn
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Simons Observatory: LAT + Receiver

Vacuum Stage

Back Plate

Optics Tube

40 K Filter

80 K Stage

4 K 
Stage

40 K Stage

Dilution 
Refrigerator 
(DR)

100 mK Thermal 
BUS

1 K Thermal 
BUS

80 K Filters

300 K Filter

G10 Tab

● 6 m primary mirror
○ Small angular resolution
○ Large focal plane

● Observations from 1 to 10 mm
● 13 Optics tubes slot (7 filled in SO-nominal)
● ~30,000 transition edge sensor (TES) bolometers

1.
5M

15
M
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Low frequency (LF) detector 
arrays & lenslets

Mid frequency (MF) and 
ultra-high frequency (UHF) 

detector & horn arrays
Detector modules

SO will use dual-polarization, dichroic TES bolometer detectors, 
cooled to 100 mK. The LF detector arrays build on the proven 
performance of POLARBEAR and the MF and UHF on ACT. 

Top: The universal focal-plane modules (UFMs) 
contain the cold readout, detectors, and optical 
coupling. Bottom:UFM frequency distribution 

(green:MF, purple:UHF, yellow:LF). 

SO detectors

● >60,000 TES bolometer 
detectors across the LATR 
and four SATs

● Spanning six spectral bands 
centered between 27-270 
GHz.

● Focal planes are populated 
with close-packed UFMs. 

● The UFMs are common to the 
SATs and LATR and maintain 
a common footprint across 
frequency bands.

Simons Observatory: Detector & Modules
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Plans for the Future

1. Science Goals of the Simons Observatory 
2. Sensitivity Forecasting 
3. Instrument Overview
4. Plans for the future 
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Simons Observatory: SO-JAPAN + SO-UK

● Double number of SATs
● Build an optics tube for the LAT
● Funded in Japan and UK
● Motivation: Doubles the sensitivity to 

primordial gravitational waves!

7/13 optics tubes

8/13 optics tubes
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Simons Observatory: Advanced-SO
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

NSF ANNOUNCEMENT! May 9, 2023

https://urldefense.com/v3/__https://new.nsf.gov/news/detecting-faint-traces-universes-explosive-birth__;!!Mih3wA!FOpNkj5Ra1JzwAso7q_ZSHccYTaBwye3U_Nl_XinRFxL5S0zPmZpy2CxiHV5bkcRue5ulsTBlmUOXb7jGaLQQHNmvwJYb-O-RwFDtmw$


B. Westbrook - Rencontres de Blois: Particle Physics and Cosmology, Blois, Loire Valley, France, May 14-19 2023 - 1808.07445 / 2724

Simons Observatory: Advanced-SO
Optics Tubes Photovoltaic Array

• Six New Optics Tubes
• Double Mapping Speed
• 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

NSF 
ARTICLE 
May 9, 2023

https://urldefense.com/v3/__https://new.nsf.gov/news/detecting-faint-traces-universes-explosive-birth__;!!Mih3wA!FOpNkj5Ra1JzwAso7q_ZSHccYTaBwye3U_Nl_XinRFxL5S0zPmZpy2CxiHV5bkcRue5ulsTBlmUOXb7jGaLQQHNmvwJYb-O-RwFDtmw$
https://urldefense.com/v3/__https://new.nsf.gov/news/detecting-faint-traces-universes-explosive-birth__;!!Mih3wA!FOpNkj5Ra1JzwAso7q_ZSHccYTaBwye3U_Nl_XinRFxL5S0zPmZpy2CxiHV5bkcRue5ulsTBlmUOXb7jGaLQQHNmvwJYb-O-RwFDtmw$
https://urldefense.com/v3/__https://new.nsf.gov/news/detecting-faint-traces-universes-explosive-birth__;!!Mih3wA!FOpNkj5Ra1JzwAso7q_ZSHccYTaBwye3U_Nl_XinRFxL5S0zPmZpy2CxiHV5bkcRue5ulsTBlmUOXb7jGaLQQHNmvwJYb-O-RwFDtmw$
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Timeline for SO 

First receiver going out this year!
First detectors cold in test cryostat
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Summary

Tidal Disruption

Missing BaryonsStar Formation, Magnetic 
Fields and Turbulence

Stellar Flares Variable AGN

Exo-Oort Clouds Planet 9

Interstellar Dust

Time Domain
Astrophysics

Planetary Science

Galactic
Astronomy

Galaxy Clusters

Evolution of the Universe 
Over Cosmic Time

H
0
 Tension & New Physics

Light Relics and 
Neutrinos

Cosmology and
Particle Physics

Sources

Extragalactic Astronomy
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Thank you! Any Questions? 
www.simonsobservatory.org
arxiv.org/abs/1808.07445
@SimonsObs

http://www.simonsobservatory.org
https://arxiv.org/abs/1808.07445

