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The collaboration
400+ people

(J0G) .
* 12-member Collaboration Board

External Advisory Observatory Foundation and
Committee (EAC) Board (OB)* University Relations
Observatory Execution Office (0F0) - [*——— | Simons Observatory Collaboration m

e Variety of group sizes, from 1 to 20+ I

There is plenty of different analysis to do, as well as support of the existing instruments
and work on future ones.
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The instrument

Small Aperture Telescope (SAT) 0.42m




The instrument

Small Aperture Telescope (SAT) 0.42m
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The instrument

Small Aperture Telescope (SAT) 0.42m \' (G HZ) 27/39 90/150 220/270
Optical Design: Cryogenic Refracting # detectors 1036 24192 12096
Telescope

Field of view: 35 degrees
Sky coverage: 10% soemca
Detector counts: N :

36,000 TES for 3 SATs

Dichroic - modules : Frequency FWHM Baseline Goal Frequency Detector Number of g

(GHz) (arcmin) (uK-arcmin) (uK-arcmin) Bands Number SATs

= "Frequency bands: : 27 91 35 25 LF S18 1

MF (90/150 GHz) a5 19 B oss
UHF (220/280 GHz) ' ‘ MF ’

17 33 2.1 12,096
LF (30/40 GHz) - future 11 6.3 42 6,048
. . HF 9

9 16 10 6,048

Focal Plane Temperature:
100mK
Half-wave plate: 40K, rotate at 2Hz



The instrument

| Large Aperture Telescope (LAT) 6m |

Optical Design: Crossed Dragone |
Primary & Secondary Mirror: 6 meters




The instrument

| Large Aperture Telésébpe. (LAT) 6m }'

O'p'ticall-‘De‘s-ign'»; Crossed Dragone

Primary & Secondary Mirror: 6 meters 1

©Thé Simoris Q_béewatqry ‘Camera contains 13 "A‘Optié_é | Turt'ies;".f S
~ The light from the telescope enters an Optics Tube through one
- of 13 windows. Light coming from different parts of the sky will =

~ enter into different windows. -~ -




The '|nsTrume,n’rv oo g ._The'L-irght Enters'an OpticsTuzbeV"
Large Aperture Telescope (LAT) 6m ) :' vA series of Ienses and fllters are used to focus the Ilght on to the
-detectors ' ¢

Optical Design: Crossed Dragone
Primary & Secondary Mirror: 6 meters
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The instrument

Large Aperture Telescope (LAT) 6m : iy (GHZ) 27/39 .90/'1 50 : 220’/.270

Optical Design: Crossed Dragone | #detectors | 708 | 41280 |- 20640

Field of view: 7 degrees N . — TR il L i
Sky coverage: 60%

| Primary & Secondary Mirror: 6 meters
Detector counts:

31 ’OOO TES i Table 1. SO Large Aperture Telescope Survey Specifications
62,000 TES (Advanced SO) : Frequency FWHM | Baseline Depth | Goal Depth | Frequency | Detector
Dichroic modules ' | [GHz] larcmin] | [uK-arcmin] | [uK-arcmin] Bands Count
: 27 (22 - 30) 7.4 61 44 LF 354
| 39 (30 —-47) 5.1 30 23 354
" NF Gortsot i 13 1
MF (2071501c52) o (w0 10 |15 T 1030
unF 2ozsochy) | R

LF (30/40 GHz)

Focal Plane Temperature:
100mK




Small Aperture Telescopes (SAT)
0.5-meter aperture x 6 SATs.
Survey 15% of the sky.
Primordial Gravitational Waves.

P . 103 »

Simons Observatory
small aperture survey

0.0 s— - —0.10 mK RJ
FDS dust emission

\/\ = \_P\rimordial B-modes, r=0.2

The science

1 degree

~

Temperature anisotropy

E- 2 polarization

2V

Lensing B-modes, neutrino mass = 0 eV

0.5ev T

20 80 220 400 650 1000

Multipole ¢

1500 2250

Large Aperture Telescope (LAT)
» 6-meter aperture.
« Survey 40% of the sky.

* Ng,Zm,, w(z), cluster science...

3000

Simons Observatory
large aperture survey
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The science

Mostly SAT Data Mostly LAT Data
) ) ' relativistic neutrino | \
ﬂpnmor(_ilal species, He mass e\?:h?:%n dark energy
uctuations o, reionization
SN Yo (& T, lonsing 152, ksz[ sz, lensing
sources potentia -> non-thermal pressure - gg at z=2-3
- EE 8

I—?:gnio?-?oa- isagr gt‘ig ‘(fBeB? ) = duration of (TT+EB), tSZ (tSZ+kS2) (lensing, tS2)

- primordial power at small reionization (kSZ) = Zmy > feedback(fg;:lig%/ - growthsof

scales (TE, TT, EE) structure (kS2)

The Big Bang

credits:
ESO
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The science

Time Domain
Astrophysics

Variable AGN
~ { smons
Galactic A Cosr.nology af\d
Astronomy «@y: Particle Physics
H, Tension and New Physics

h G \\ N

‘ ] i

Star Formatlon, Magnetic Flelds
and Dust Turbulence

The Evolution of the Universe
Neutrinos Over Cosmic Time

Light Relics and




The science

SO Nominal Forecasting

0.003

0.002 0.03

Ny 0.07 0.05 0.2 B EET
S, 0.04 0.03 0.1 xic+DESI
Hy(ACDM) 0.4 0.3 0.5 e e
Feedback efficlency in 39, 2%  50-100%  kSZ+SZ+DESI
Az 0.6 0.3 14 TT (kS2)
O SAT Tt adapted ey e by N, Galtzd

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



The Progress hardware, Data Managing infrastructure, and analysis

HARDWARE

Two Middle Frequency(MF)

90/150GHz SATs are deployed
and have been operating for nearly
a year.

3rd SAT,
Ultra-High-Frequency(UHF) is on
site and commissioning to be
completed.

LAT commissioning (nearly)
completed.

expect 10x the mapping
speed of AdVACT starting next

year, already have 5x

More upgrades on the way.

INFRA

Observatory control system (OCS)
and supporting software enable

remote observations
e 50+ unique agents

e 300+ agent instances deployed on site
e 5000+ hk feed

Last year: 210TB transferred to
data centers

SO Nominal site complete, working
on more stable power (PVA
deployments)

ANALYSIS

Exciting preliminary results and
progresses including:

Beam characterization;
Calibration and pointing;
Optical efficiency;
Focalplane testing;
Sensitivity measurements;

Mapmaker;

Preliminary power spectrum and
covariance;

Preliminary lensing;

Higher level analysis;
Simulations;
Pipeline ready...



The Progress things I can show..

Preliminary results

First Light of Jupiter.
Observations show expected beam
shapes

Per-detector pointing developed
from Moon and Jupiter
observations.

-10

-15

Images credit: SO

150 GHz



90 GHZ




The Progress things 1 can show..
Galaxy maps
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Galaxy center maps in comparison with Planck demonstrate instrument
performance and larger scale recovery.




The Progress things 1 can show..
CMB maps
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Started mapping the sky
with two MF SATs.

Applied low-pass filter to
maps. — Zoom-in

Q/VU polarization patterns
start being visible in the
targeted SAT regions.
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The pipeline

SO component separation pipelines

EXT: moments model
(— SED anisotropy)

e Small variations in
FG spectral in_dex

A =p-p
e Power-law model

for power spectrum

CEABd/s

Azzoni et al. (2021)

Kevin Wolz | NAM 09/07/2025

/

C,-based
separation

Frequency maps [d;j \

NILC

(Needlet Internal Linear
Combination)

Blind: extract CMB
without modeling
foreground SEDs

map-based
separation

Basak & Delabrouille
2012, 2013

d=A-5+17

.

EXT
dust marg.

Map-based
parametric

Parametric model for
foreground SEDs

EXT: marginalize over

residual dust in CEMB

Poletti & Errard (2023)



The pipeline

Sky simulations

Wolz++ 2024, 2302.04276

x 500

| CMB

Gaussian, isotropic

W 1)C, /(2)

Alens S {1, 05}

€ {0, 0.01)
10 100

4

Noise

Gaussian, weighted

N, /(27)

Galactic foregrounds o
5 levels of complexity S o
Q
© 10-¢
SED anisotropy | . . -
Multipole £
Gaussian d10s5 PySM
Isotropic dmsm Galactic
models
x 500 4x 1
dOsO
— Thorne et al. (2016)
non- amplitude
Gaussianity [ — [ anisotropy










Timeline

(possible) ASO SO:UK & SO:JP
OTs online SATs online

- 1024 2025 $ 2033 2034 2035 2036

Today

First paperonr

First US Ops Funding (4 yrs) Full SO Operations

e SO & more SO: the stream of data is switched on & will be a firehose soon
e We are exquisitely positioned to take advantage of our data
o We have expertise and real effort across a remarkable range of analysis areas
o We have vibrant involvement from a wide range of participants — from theorists defining questions to
creators of brand new analysis techniques to newcomers who will carry the field forward

Al
’




Thank you for your attention.



