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Simons Obervatory %%

OBSERVATORY §

e CMB/mm observatory located in Atacama desert, Chile

e Two components :

Small Aperture Telescopes (SATs) Large Aperture Telescope (LAT)

Large angular scales Small angular scales



Site : Cerro Toco s

CLASS

e 5200m altitude
» Very low humidity

e Large part of the sky
accessible

— Perfect for micro wave domain observations !



What is the CMB ?

Dark Energy
Accelerated Expansion
Afterglow Light

e Foflom  DarAges  Developmentot . Oldest light of the Universe !
~380000 years after the Big Bang
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LAT Science cases
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SO : Comparison to actual experiments

---- Gravitationnal lensing ¢ ACT DR6 (2025)
---- Primordial GW (r=0.03) ¢ BICEP/Keck (2021)
SO (SAT, no delensing) SPTpol (2020)
SO (LAT) ¢ POLARBEAR (2017)
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SO : Comparison to actual experiments

---- Gravitationnal lensing ¢ ACT DR6 (2025)
---- Primordial GW (r=0.03) ¢  BICEP/Keck (2021)
---- Anisotropic biref. (A =10"%) SPTpol (2020)
t SO (SAT, no delensing) ¢ POLARBEAR (2017)
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Simons Observatory
LAT Survey

e 6 meter mirror
o good angular resolution (~arcmin)

e 60 000 cryogenic detectors at 100mK
o most detectors for a CMB telescope !

Credit : José Arganaraz



Credit : José Arganaraz
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1Low Freg 8 Mid Freg 4 High Freq
27 & 40 GHz 90 & 150 GHz 220 & 280 GHz

>10 times more detectors than previous
CMB experimetns

improved frequency coverage |,

Credit : José Arganaraz



1Low Freg 8 Mid Freg 4 High Freq
90 & 150 GHz 220 & 280 GHz

27 & 40 GHz

e First light in march 2025,
e Currently in commissioning
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Credit : José Arganaraz

Initial Science Observations

Results shown here: ~1% of the sky

Simons Observatory
LAT Survey
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CMB map
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Power spectra
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Power spectra
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Power spectra
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Thank you !

Credit : Elle Shaw
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FIGURE 1: The Large Aperture Telescope and Receiver
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Atmosphere emission
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Table 2. Summary of Enhanced Science Goals from SO LAT Survey?*

Current” SO Using Rubin, Reference
2025-2034 | DESI, or Euclid

Primordial perturbations
N 0.004 0.002 - Shandera et al. (2019)
e 2"P(k = 0.2Mpc™1) 3% 0.4% - Slosar et al. (2019b)

oAl 5 1 v Meerburg et al. (2019)
Relativistic species
Nest 0.2 0.045 - Green et al. (2019)
Neutrino mass®
> m, (eV, o(r) = 0.01) 0.1 0.03 v Dvorkin et al. (2019)
S m,, (eV, o(r) = 0.002) 0.015 /
Accelerated expansion
os(z=1-2) ™% 1% v Slosar et al. (2019a)
Galaxy evolution
Tfeedback 50-100% 2% v Battaglia et al. (2019)
Pnt 50-100% 4% v Battaglia et al. (2019)
Reionization
Az 1.4 0.3 - Alvarez et al. (2019)
T 0.007 0.0035 - Alvarez et al. (2019)
Cluster catalog 4000 33,000 v
AGN catalog 2000 96,000 -
Galactic science
Molecular cloud B-fields 10s > 860 - Hensley et al. (2022)
o (Baust) 0.02 0.005 - Hensley et al. (2022)
Solar System Science
Distance limit for 5 Mg Planet 9 | 500 AU 900 AU v Fienga et al. (2020)
Asteroid detections ~ 10, 000
Transient detection

distance

Long GRBs, on-axis 1300 Mpc -
Low-luminosity GRBs 70-210 Mpc -
TDEs, on-axis 670 Mpc -

y [arcmin]

N

=

|
o

x [arcmin]

_pK

“The Brick'' |-
Molecular Cloud |-

—8.0
—8.2
—8.4
—8.6
—8.8
=9.0
=92

y [arcmin]

SO + DESI

—dJ

()
[;u't'lt]in]

“The Tornado” M
Supernova Remnant

N “The Mouse”
8 PulsarWind Nebula

SO + Rubin

-5 0
x [arcmin]

o

JK

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

23



	Simons Observatory  Large Aperture Telescope
	Simons Obervatory
	CMB/mm observatory located in Atacama desert, Chile
	Two components :
	Small Aperture Telescopes (SATs)
	Large angular scales

	Large Aperture Telescope (LAT)
	Small angular scales

	SATs

	LAT

	Site : Cerro Toco
	5200m altitude
	Very low humidity
	Large part of the sky accessible
	→ Perfect for micro wave domain observations !

	What is the CMB ?
	Oldest light of the Universe ! ~380000 years after the Big Bang
	Contains plenty of information about the beginning and evolution of the Universe
	Time-domain astrophysics
	Gamma ray bursts, interacting supernovae, ...



	LAT Science cases
	Galactic science
	Interstellar dust molecular clouds AGNs

	Cluster physics
	Galaxy feedback Cluster evolution

	Particle physics
	Number of relativistic species
	Neutrinos masses

	Cosmology
	Dark matter
	Dark energy
	Growth of structure
	Cosmic birefringence
	Reionization
	Primordial perturbations
	Inflation parameters (ns)
	Tensor to scalar ratio


	Stellar system science
	Star formation Planet 9 Asteroid regoliths



	SO : Comparison to actual experiments
	SO : Comparison to actual experiments
	SO LAT
	6 meter mirror
	good angular resolution (~arcmin)
	60 000 cryogenic detectors at 100mK
	most detectors for a CMB telescope !

	SO LAT
	SPT3G receiver

	SO LAT
	1 Low Freq
	8 Mid Freq
	4 High Freq
	27 & 40 GHz
	90 & 150 GHz
	220 & 280 GHz

	>10 times more detectors than previous CMB experimetns
	improved frequency coverage

	SO LAT
	1 Low Freq
	27 & 40 GHz

	8 Mid Freq
	90 & 150 GHz

	4 High Freq
	220 & 280 GHz

	First light in march 2025,
	Currently in commissioning

	SO LAT
	Initial Science Observations
	Results shown here:  ~1% of the sky


	Maps
	Planck+ACT  90 GHz
	State of the art CMB map


	Maps
	LAT  90 GHz (preliminary: 180h of data)

	Power spectra
	Power spectra
	Power spectra
	Lensing
	Black and white:  mass map estimated with LAT data
	Blue/red contours: CIB estimated from Planck

	Thank you !
	Backup slides
	Atmosphere emission

