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The SimOnS ObservatOry Six 0.5-m Small Aperture Telescopes

One 6-m Large Aperture Telescope fully
Simares A populated with 13 tubes
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a little over 123,000 detectors
6 frequency bands in the mm

Operations started!

Green Observatory, replacing 70% of the
power at the site with Solar Energy

Large international collaboration
15+ countries, 60+ institutions
~375 collaborators
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Training the

Time Domain l: Next Generatlon

Astrophysics

Tidal Disruption Events

Extragalactic
Astronomy -

Stellar Flares Variable AGN

Svoﬁr:;:es Galaxy Clusters
. SIMONS
N OBSERVATORY
Galactic Cosmology and
Astronomy Particle Physics
H, Tension and New Physics
=
-~
\\w'mvmmt §
07 e
i’ l“ h ‘ ((&\\\\ i Q Light Relics and The Evolution of the Univere
Star Formation, Magnetic Fields 1ght Refics -
and Dust Turbulence Exo-Oort Clouds Planet 9 Neutrinos Over Cosmi®Time




Primordial Perturbations
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On sky

Simons Observatory since 20231 10| S NS VD
small aperture survey °
10°
SPIDER .
\ BICEP/Keck 10ﬁ1
$e
1072 |
00 -_FDS dust emission— I
Small Aperture Survey 103 BB i Tansing i)
Deep, high sensitivity ¢
1 puKarcmin (@90/150GHz) over 5000° 2 after 6-SAT 9-year survey 10-4 1’“
covering 6 frequencies (30-280 GHz)
Dedicated to B-mode searches = primordial gravitational -
waves/primordial perturbations
The Simons Observatory Collaboration 2019 107 2 3'0 180 5(‘)0 10'00



Primordial Perturbations

SO will detect or rule out models
with r =0.01 at 3c or greater

Goalis o(r) = 0.002-0.003

with first 3 SATs
Simons Observatory
small aperture survey
10—1 i .\'
.\.
SPIDER
- 1072} I SO Baseline; r=0.01
.71 SO Goal; r=0.01
SO Baseline; r=0
O DS dustemission K 1.7_7 SO Goal; r=0
A Cosine Natural Inflation
Small Aperture Survey 103 | P | — vao
Deep, high sensitivity ' - :2“ ¢
1 uK arcmin (@90/150GHz) over 5000° 2 after 6-SAT 9-year survey | & N
covering 6 frequencies (30-280 GHz) P || ® N=60
P . . . . 10 : i) . .
Dedicated to B-mode searches - primordial gravitational 0.94 0.95 0.96 0.97 0.98 0.99 1.0
waves/primordial perturbations "

The Simons Observatory Collaboration 2019 8



High precision tests of the
cosmological model §

Simons Observatory
large aperture survey

N, W
L ¢
& h "

47 " DEsI

First light
Feb 2025!

0.0 e———— s 0.10 mK RJ
FDS dust emission

Large Aperture Survey
Wide (40-70% of sky), at high resolution (1.4’ at 150 GHz) and high sensitivity
(6 uK-arcmin in combined 90/150), over 6 frequencies (30-280 GHz)

New results on dark matter and matter distribution, neutrinos,
expansion/age of the Universe and much more

The Simons Observatory Collaboration 2019, 2025



SO can detect any particle with spin that decoupled after

High precision tests of the  wesnoreacomserwmionerzs

° ol :
cosmological model §
e % g
40 é
— b ﬁj lg = -t L — ‘I -t _-1 Bosonv(r 2
Simons Observatory Q| o
large aperture survey 1 L,
DESI ’ "‘} bl DESI . “ 1 smoné:ssnm 20
o1 T;=T°cpfofjpmidewi|hspin
102 10 10° 10! - [1;\);6\/] 10° 10* 10° 100
0.0 e e 0.10 K R Strong limits on DM-proton elastic scattering;
ust emission . . . . .
Better limits and detection at intermediate mass scales
of a DM axion fraction of 2%
La rge Apertu re Su rvey —&— Baseline GeV mass
Wide (40-70% of sky), at high resolution (1.4’ at 150 GHz) and high sensitivity -
(6 uK-arcmin in combined 90/150), over 6 frequencies (30-280 GHz) 0=
New results on dark matter and matter distribution, neutrinos, 5
expansion/age of the Universe and much more g |— =
10°%
i 10

The Simons Observatory Collaboration 2019, 2025 01 02 04



Multi-survey science

Simons Observatory
large aperture survey

B e T

DESI . Y

0.0 —— s 0.10 mK RJ
FDS dust emission

® Enabling joint science from CMB lensing, tSZ, kSZ
x Optical galaxy shear, clustering and clusters

- Neutrino mass

- Structure growth: sigma8 at z>1

- Non-Gaussianity: fnl

- Cluster mass calibration

- Shear bias calibration

- Constraints on baryonic feedback

The Simons Observatory Collaboration 2019, 2025
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with some post-pandemic and war updates
Mean redshift
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New Opportunities in mm-Transient Science

N

and Galactic Science

Hensley, Clark + 2021

CO (2-1) polarized emission

0 2 I 6 8 10 12 |

Polarized Dust SNR (P/op)

SO survey region

0.1 - . g
. r

0.03

0.01

0.0003
oco [K - km/s]

Galactic plane Ophiuchus

Deep, high-resolution observations of the Galaxy

0.03%
Tco

[ Previous | Next | [ADS| ]

ACT-T J061647-402140: a Strongly Variable, Flaring
Source at 90, 150 and 220 GHz Positionally Coincident
with the Transient Gamma-Ray Blazar, Fermi 0617-4026

ATel #12738; Sigurd Naess (Center for Computational Astrophysics, Flatiron Institute) on behalf
of the ACT Collaboration
on 8 May 2019; 23:32 UT
Credential Certification: John P. Hughes (jph@ physics rutgers.edu)

Subjects: Millimeter, Gamma Ray, AGN, Blazar, Transient, Variables

Track thousands of Variable Active Galactic
Nuclei daily/weekly/monthly at 1-10 mm.

Potential of mm transients:
e.g. orphan afterglows of Gamma Ray Bursts

Potential follow-up of Rubin Observatory

optical transients 12



SAT First Light

October 2023

First light of Jupiter
Observations show
expected beam shapes

Per-detector pointing
developed from Moon and
Jupiter observations

-10

-151

150 GHz

SO Collaboration
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Preliminary SAT Maps
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Preliminary SAT Maps 90 GHz from one telescope
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Preliminary SAT Maps

Galactic latitude [deg

(00
Q
O
Q
O
-
by s
)
[
.U
-
(&
| O
4]
O

-10 . . -2 -2 ) -10 . =20
Galactic Iongxtuc?e [deg] Galactic longitude [deg]

Polarized galaxy center maps in comparison with Planck
demonstrate instrument performance and larger scale recovery.

-30

-10
SO Collaboration
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B |arge Aperture Telescope
W First Light February 2025!

SO Collaboration

24,000 + Detectors
on the Sky.

Preliminary map of

Mars

Mirrors not yet fully
aligned/focused.

Signal to Noise of
4000+ per detector.
743 detectors used
for this map.

*#

Photo credit Felipe Carrero
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