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Simons Observatory Science Goals and Probesc, mpia

_ _ recombination neutrino
primordial -era physics mass galaxy dark energy
fluctuations s i 4 - evolution
] ] reionization lensing
damping tail : tSZ, lensing
Iarge scale lB-mOdgs - Nesi (TE, TT, EE) sources potentlal tSZ, kSZ _),08 at 7=0-3
-> tenso_r—to—sce} ar ratio (BB) | 5 EpE (TE, TT, EE) > duration of (TT+EB), tSZ - non-thermal grzessgrze (lensing, tS2)
-> primordial power on small EE) -> mean free path = feedback efficiency structure (kS2)
scales (TE, TT, EE) = Interacting v (TE, of photons (kSZ) (t52+kS2)
- primordial bispectrum (fne | 7 EE)
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Additional science includes (but is not limited to):

 helium fraction, cosmic birefringence, primordial magnetic fields
* high-redshift clusters

- dark matter annihilation and interactions

* Isocurvature

- calibration of multiplicative shear bias (e.g., for LSST)

« new sample of dusty star-forming galaxies

 transient sources

« cosmic infrared background

THE SIMONS OBSERVATORY:
SCIENCE GOALS
AND FORECASTS

1808.07445
2503.00636
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Simons Observatory Site Columbia
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large aperture telescope
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small aperture telescopes

20m
< >

~30,000
detectors

| —

~30,000 detectors

6 m crossed Dragone fed by

up to 13, 38 cm optics tubes.

baseline=7 tubes for SO, with
baseline pixels:

« One tube: 30/40 GHz

« Four tubes: 90/150 GHz

. Two tubes: 220/270 GHz + 3 additional SATs coming

I 2027
+ 6 additional OTs installed in 2026 onling by 20

~60,000 detectors in totall!

Three 42 cm diameter refractors,
baseline dichroic pixels:
30/40 1 90/150 1 90/150 | 220/270 GHz
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Simons Observatory LAT Timeline Columbia

SO Generated Transient Triggers

LAT Science:
Early Universe
Relic particles
Neutrino Mass

Galaxy Evolution

Blazars
Galactic Science
Planet 9
Transient Sources

Rubin Observatory

Advanced SO Project (NSF)

Observations: 7 Optics

LAT Construction — 7 Optics Tubes
Tubes

Observations: 13 Optics Tubes

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
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Anticipated Noise Performance Columbia

SO LAT: 2025-2034

assuming 6 additional optics tubes are added in 2028

Frequency FWHM | Baseline Depth | Goal Depth | Frequency | Detector | Optics
(GHz] larcmin| | [uK-arcmin] | [uK:arcmin] Bands Count | Tubes
27 (22 — 30) 7.4 61 44 I 354 ]
39 (30 — 47) 5.1 30 23 354
93 (77 — 104) 2.2 5.3 3.8 ME 20,640 3
145 (128 — 169) 1.4 6.6 4.1 20,640
225 (198 — 256) 1.0 15 10 UHF 10,320 A
280 (256 — 313) 0.9 35 25 10,320

Combined sensitivity (goal): 2.6 yK*arcmin

Signiticant improvement over previous surveys:
Planck: ~25 pK*arcmin (~5 arcmin resolution)
ACT DR6: ~10 uK*arcmin




Anticipated Noise Performance

Colin Hill
Columbia

Significant gains from NSF-funded additional optics tubes
(~40% increase in number of signal-dominated E-modes)

£+ 1)CEE /(2m) [uK

10% 5

101 .

100 -

1071

E-mode power spectrum:

SO-nominal
noise (incl. fg)

SO-full
noise (incl. tg)

= Lensed CMB
Nominal SO [Goal]
Advanced SO [Goal]

1000

2000 3000 4000

14

5000



Anticipated Sky Coverage C%?L'J;E.'!

Simons Observatory
LAT Survey

maximal overlap w/
Rubin LSST,
large overlap w/ DESI

total fsky ~ 60%
(cosmological fsky ~ 40%)
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SO LAT Science Columbia

—xtragalactic astrophysics: galaxy formation, ICM physics

NYySICS: neutrino masses, new light species, BSM

perturbations: non-Gaussianity, P(k)

Sources: variable blazars, dusty galaxies

Transients: uncharted discovery space

Milky Way ISM: dust composition, magnetic fields

Solar System: Planet 9, asteroids

+ much more
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SO LAT Science Columbia

—xtragalactic astrophysics: galaxy formation, ICM physics
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Crimordia

NYySICS: neutrino masses, new light species, BSM

perturbations: non-Gaussianity, P(k)

Sources: variable blazars, dusty galaxies

Transients: uncharted discovery space

Milky Way ISM: dust composition, magnetic fields

Solar System: Planet 9, asteroids

+ much more
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Cosmic Microwave Backl/ight ¢ ™"

Secondary Anisotropies

Years after the Big Bang
400 thousand 0.1 billion 1 billion 4 billion 8 billion 13.8 billion
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Cosmic Microwave Backlight ¢m™®

Secondary Anisotropies

Years after the Big Bang

400 thousand 0.1 billion 1 billion 4 billion 8 billion 13.8 billion

The Big Bang
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- Deflection: gravitational lensing
- Evolving potentials: integrated Sachs-Wolfe, Rees-Sciama ettects

- Scattering: thermal / kinematic Sunyaev-Zel'dovich effects, patchy screening

13
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Extragalactic Astrophysics Columbia
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' Kinematic Sunyaev-Zel’dovich
Effect:

Doppler boosting of CMB photons

Compton-scattering off free electrons

with non-zero line-of-sight velocity
Direct probe of gas momentum
— gas abundance

,,,,,,

Sudeep Das/ACT »
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Extragalactic Astrophysics Columbia

Kinematic Sunyaev-Zel’dovich
Effect:

Doppler boosting of CMB photons
Compton-scattering off free electrons
with non-zero line-of-sight velocity T eoTon oo

. N
Direct probe of gas momentum a1 A Jor
— gas abundance _ .
ot TV eneneeTie
. LT ELEGTRON

Thermal SZ Effect:

cete e

Change in temperature of CMB
photons due to inverse Compton T

scattering off hot electrons, most of t MICROWAVE PHOTON
which are in the intracluster =
medium (ICM) of galaxy clusters

TN
,';,', DESERVER

Direct probe of gas pressure —~  SZA Collaboration

15
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Extragalactic Astrophysics Columbia

Planck Truth (sim.)

Mass

Lensing

Compton-y

gas
pressure

WebSky (Stein+20); JCH/Sherwin/Alvarez for CMB-S4 DSR 25 sg. deg.
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Extragalactic Astrophysics Columbia

Velocity-weighted kSZ stacking
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uK uK
. —8.0

Schaan+21% 4= 16 0.9
—_ —8.4 ' 0.7

§= = 1.2 =
5 —8.6 = z 0.6
=z - 5 1.0 = 0.5
> - 0. > 0.8 = 0.4
_ -9.0 0.6 0.3
ACT + BOSS —9.2 04 SO + Rubin 0.2

-5 0 5
x [arcmin]  [arcmin] arcmln]

- Direct imaging of gas density (kSZ) and pressure (t1S7) in the CGM
- Current stacked kSZ measurements (ACT+BOSS/DESI): S/IN~10

- SO stacked kSZ measurements (SO+DESI or Rubin): S/N~100s
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Direct constraints on galaxy formation physics from stacked kSZ+tSZ

n = efficiency of feedback energy injection ; P_ = non-thermal pressure support in the CGM/ICM

a(n) o(P.,)
Current (ACT + BOSS) 25% unconstrained
Nominal SO + DESI 3% 9% o e
Full SO + Rubin + DESI 0.5% 1% 1 n ) Cosmology and

Astrophysics
with Machin
earning

imulations

AAGN1

Direct constraints on sub-grid AGN and supernova
feedback parameters in galaxy formation simulations:

Current (ACT + BOSS): unconstrained
Nominal SO + DESI: ~7%-30%
Full SO + Rubin + DESI: ~2%-10%

ASN2

AAGN2

Amodeo+21 [ACT]
CAMELS (Moser+22)

1 2 05 1.0 15 08 10 12 08 09 10 11
ASN1 AAGN1 ASN2 AAGN2
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First statistical census of galaxy clusters atz > 2

- High-sensitivity, high-resolution tSZ surveys can

S ACTDRS (13,211 deg?) | detect galaxy clusters out to the highest redshifts
+ SPT-SZ (2500 deg?) . .
. . SPT-ECS (2770 deg?) 1 at which they exist
mass . IR . + SPTpol (94 deg?)

PSZ2 (all sky)

{ - Nominal SO: ~40 clusters at z>2 (24,000 total)
1 - Full SO: ~200 clusters at z>2 (33,000 total)

*

A Full SO mass limit

0
100.0 02 04 06 08 10 12 14 16 1.8 2.0

redshift

Hilton+21 [ACT]
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First statistical census of galaxy clusters atz > 2

- High-sensitivity, high-resolution tSZ surveys can

S ACTDRS (13,211 deg?) ] detect galaxy clusters out to the highest redshifts
+ SPT-SZ (2500 deg?) . .
. . SPT-ECS (2770 deg?) 1 at which they exist
Mass [ . ...+« . + SPTpol (94 deg?)
* - PSZ2 (all sky)

{ - Nominal SO: ~40 clusters at z>2 (24,000 total)
1 - Full SO: ~200 clusters at z>2 (33,000 total)

*

Sk | Spectral coverage for relativistic tSZ

— 1.0 I30
i . a Q Zae
Lok Full SO mass limit > o ~
00 02 04 06 08 10 12 14 16 1.8 2.0 = = |1y 2
. (o g b
redshift S 10.6 2 0
= z 3
8 2 S
Hilton+21 [ACT] B 0-4;& 10 é
S )
& =
é \V Ve
7 0
100 200 300 00
Frequency [GHz]
I 1 tSZ —= kSZ --= 1tSZ [15 keV]

—— Transmission
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SO LAT Science Columbia

—xtragalactic astrophysics: galaxy formation, ICM physics

NYSICS: Nneutrino masses, new light species, BSM

Crimordia

perturbations: non-Gaussianity, P(k)

Sources: variable blazars, dusty galaxies

Transients: uncharted discovery space

Milky Way ISM: dust composition, magnetic fields

Solar System: Planet 9, asteroids

+ much more
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Power =

Spectrum <o
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1071

107° 4

Primary CMB

Angular separation in the sky

90° 1° 0.2° 0.1° 0.05°
i N Physics
o™ o o ...... from
TT surface of
last scatter
LiteBIRD (forecast) .". .. ... of % . '-‘
SO AT (+Planck) X ¢ '.. 'o‘
(forecast) / R .,
. ..o EE ’-.. ‘o..
' 4 .o.
[ ] .o
° ¢ ® . ° .¢
$e $ . lensing ~ 1’+
;o SO
\ - !
o .'
s
;71 BB —
: Targeted primordial
+T gravitational wave
GWs signal (tensor-to-
scalar ratio r)
2 30 180 500 1000 2500 5000
Multipole ¢

Multipole

Simons Observatory Collaboration (2025, leads: JCH + Susan Clark), 2503.00636

Colin Hill
Columbia
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— Boson (g=1)
— Boson (g=2)

— Fermion (g=2)

0.1

Fermion (g=4)

Excluded by
Planck 20
SO Baseline 20

P /- 3\ ____________]

Te=Tqcp fOIJ particle with spin

- Te=Tqcp for, spinless particle Fu |

Te<Tg for pbrtlcle with spin

2d

| |
| | | | I
| | |

Tr<Tr for sﬁmless particle

102

L L L | I | 1 | W
1071 10° 10? 102 103 10 10° 100

1010 T, [MeV]

Colin Hill

CMB: Relativistic Particle Detector Columbia

- The CMB power spectra are sensitive to any light
particles (mass < eV) that were ever in thermal
contact with the primordial plasma (“dark radiation”,
e.g., neutrinos)

- N__is a simple parametrization that captures a wide
range of beyond-standard-model theories, with
canonical value N__ = 3.044 for the SM neutrinos:

11\*3
Neff — § (_> p_
7\ 4 Py

Current Data [ACT+Planck] SO Nominal Full SO
o(Neﬁ) 0.13 0.045

z=1016

SO: sensitive to any light spin-3/2 particle that was in thermal contact
at any time back to reheating
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LV CMB: Potential Hints of New Physics in Ho columbia

- Disagreemen.t has reached 5q between CMB ). i 11/TE/EE + CMB Lens. (2015) - ot
and SHOES: if not a systematic (robust
confirmation still needed), this requires new
physics beyond ACDM ACT DR4 + WMAP9 TT/TE/EE (2021){ +—@—i

Indirect
(assuming ACDM)

- Not a CMB systematic: Planck/ACT/SPT
agree W|th|n /\CDM CBOSS/BOSS BAO + BBN (2020) 1 —e—

- Not specific to CMB: other cosmological
prObeS (BAO + BBN + others) agree Advanced SO + Planck (forecast) 1

- How can we increase the value of H0 inferred

from CMB and large-scale structure data? SHOES calibration of SNIa (2022) 1 Direct ——
— Introduce new physics just prior to recombination that
modifies the physical size of the sound horizon TRGB calibration of SNIa (2021) 1 * ¢
66 68 70 12 74

— This yields novel signals in the CMB power spectra Hy [km/s/Mpc]
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W9  CMB: Potential Hints of New Physics in Ho

— Introduce new physics just prior to recombination that

Disagreement has reached 50 between CMB
and SHOES: if not a systematic (robust
confirmation still needed), this requires new
physics beyond ACDM

Not a CMB systematic: Planck/ACT/SPT
agree within ACDM

Not specific to CMB: other cosmological
probes (BAO + BBN + others) agree

How can we increase the value of H0 inferred
from CMB and large-scale structure data?

modifies the physical size of the sound horizon

— This yields novel signals in the CMB power spectra

Colin Hill

Columbia
Planck TT/TE/EE + CMB Lens. (2018) 1 @ Indirect
(assuming ACDM)
ACT DR4 + WMAP9 TT/TE/EE (2021) 4 +H—@—
eBOSS/BOSS BAO + BBN (2020) { +———
Advanced SO + Planck (forecast) -
SHOES calibration of SNIa (2022) 1 Direct ——
TRGB calibration of SNIa (2021) 1 ¢
66 618 7IO 7I2 7l4
Hy [km/s/Mpc]

Many well-motivated models now exist with the potential to explain the H problem via new physics that
can only be seen unambiguously via high-S/N measurements of the CMB polarization power spectra

Early dark energy (FPou , - Agra
Strongly interacting neutrinos ( )
“Stepped” strongly interacting dark radiation (
Mirror world dark sector ( )

Primordial magnetic fields (
Varying electron mass + curvature (

) / early dark sector ( , Ll )
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Wy  CMB: Potential Hints of New Physics in Ho  columbia

Q —1001
Temp. x pol. power spectrum \
—200 1

g /4\ Model difference

E-mode pol. power spectrum

Model difference
M M ~

/|

-
28
S
2> 0 \_-
% %‘ T — N\
<1 _9 ¢

500 1000 1500 2000
V4

2500

3000 3500 4000

20

4500

Example: early dark energy
(EDE) scenario

|dea: brief period of cosmic
acceleration just prior to recombination

Example EDE and ACDM models

N

EDE (f

EDE

~0.2) - Planck best-fit ACDM

Key differences are seen in pol.
power spectra — but signal is tiny

We need as many high-S/N modes as
possible to maximize discovery
potential — low noise and wide area:

If EDE were present: 500 in full SO data
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Neutrino Mass... Need T! Columbia
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Astro2020: “[constraining neutrino masses] is typically done by comparing the amplitude of clustering at z = 1100 from
CMB observations to that in the late-time evolved universe.”

origin of the T degeneracy

Target signal: 0.06 eV (minimal total mass allowed by neutrino oscillation data)

27
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Neutrino Mass... Need 1!

Epoch of Reionization

Colin Hill
Columbia

Reionization optical depth 1 is by far the least well-constrained parameter of ACDM:
SO can improve upon current constraints by factor of 2.5 using kinematic SZ data

is a sensitive probe of

duration of 27
reionization N
< -
Four-point function
breaks degeneracy
with low-z component 04
to constrain tau
_1 -

Planck primary
mm (7272)

(TT)

Planck primary
(T (72T

0.04 0.05 0.06
T

0.07 0.08

Alvarez, Ferraro, Hill, Hlozek, Ikape 20; Smith & Ferraro 17,18; Calabrese+14;

28

Planck E-mode pol.:
o(t) ~ 0.1

Nominal SO kSZ:

o(t) = 0.007
Full SO kSZ:
o(t) = 0.0035
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Astro2020: “[constraining neutrino masses] is typically done by comparing the amplitude of clustering at z = 1100 from
CMB observations to that in the late-time evolved universe.”

origin of the T degeneracy

Target signal: 0.06 eV (minimal total mass allowed by neutrino oscillation data)

SO will use multiple probes to constrain M via the late-time amplitude of structure (similar to dark energy)

Focus here on the CMB lensing power spectrum + primary CMB + 1 from reionization kSZ 2pt/4pt

Current Data SO Nominal [w/ kSZ 1] Full SO [w/ kSZ 1]
o(M ) [eV] 0.05 0.03 0.02 [ > 30 detection]
(0.03 eV, with Planck EE 1)
No external data assumed here (LiteBIRD/CLASS) (0.015 eV, with CV-limited EE 71 from external data)

29
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Wi, Dark Energy Columbia
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Constraints derived from tSZ cluster counts (+LSST WL and/or SO CMB
lensing), and CMB lensing cross-correlations w/ LSST galaxies

Amplitude of fluctuations as  DE equation of state (via

a function of redshift tSZ cluster counts)
- o(wo) = 0.06, ACDM + wp + w,
0.04 via CMB lensing x Rubin galaxies o (wg) = 0.20,
1% constraintat 1 <z < 2 o(wo) = 0.08, ACDM + wp + w, + S,
o = o(w,) = 0.32,
O —
S gl B0 . .
= 0 E Unigue ability to search
g | == for deviations from A at
° z > 1 (complementary
B S0 Baseline 4 LSST gold; fyy = 0.4 .
0L g0 Goal - L5ST g ! to lower-redshift WL
: ?O io§|1+ LSST optimistic and ga|axy Surveys)
o 1 2 3 4 5 6 1
Z

(N.B. non-red lines are nominal-SO errors)
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SO LAT Science Columbia

—xtragalactic astrophysics: galaxy formation, ICM physics

NYySICS: neutrino masses, new light species, BSM

perturbations: non-Gaussianity, P(k)

Sources: variable blazars, dusty galaxies

Transients: uncharted discovery space

Milky Way ISM: dust composition, magnetic fields

Solar System: Planet 9, asteroids

+ much more
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Primordial Scalar Perturbations

Primordial scalar
power spectrum

-9
3x 10 2 % 1079
~h_
~n_
= W .
~=-0
10—1 2 X 10_1
x o 4
c& D . F F‘} -
i, 2% 10 S
~0 _ > o)
NG
Planck
¢ SO Baseline
SO Goal
103 1072 101

Wavenumber k [Mpc™!]

(N.B. these are nominal-SO errors)

O(ns) — 0002

Colin Hill
Columbia
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Primordial Scalar Perturbations Columbia
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Primordial scalar Local-type primordial
power spectrum non-Gaussianity
iy =0.4
3x107° 2 % 10~2 10 . T . ! . ! y T y T u T
| — SO Baseline + LSST gold
R — = SO Baseline + LSST optimistic
e 8 | SO Goal + LSST gold .
' i SO Goal + LSST optimistic |
10t 2x107 Excluded by Planck J
< =g 6 /// .
i O — © 7
c\lill }~ F\' p-- -~ k:z/ L \0\6 - -
i, 2% 107° R s, 6@@ 27
. ) (&\8/ _ - -
Ny - .
d via CMB
2 : _
Planck bISpeC
¢® SO Baseline E Pt = =
SO Goal [
' | . 0 A RU U R S RN R
10-3 102 1071 20 40 60 80 100 120 140
Wavenumber k [Mpc™!] L858
Shape (((C()) Current SO Baseline SO Goal
(TTT),(TTE), (Planck)
| TEE) (EEE
(N.B. these are nominal-SO errors) < 1> \EEE)
ocal 5 4 3
equilateral 43 27 24
__orthogpna‘l 21 14 13

+ tensor NGs
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—27 P(k)

L

3x 1079

2 x 1079

Primordial Scalar Perturbations

Primordial scalar

power spectrum

2 x 109
~h_
~-oa_
~~a___ .
~~-0h
10—1 2 X 10_1
) .
D ks }\ } } —~~
o o - F 2]
b =
=0
) I
o N
- ).~. )~~
NG
Planck
¢ SO Baseline
SO Goal
1073 1072 1071

Wavenumber k [Mpc™!]

(N.B. these are nominal-SO errors)

Colin Hill
Columbia

Local-type primordial
non-Gaussianity

iy =0.4
10 S E—— e B |
| — SO Baseline + LSST gold
— = SO Baseline + LSST optimistic
8 | SO Goal + LSST gold —
SO Goal + LSST optimistic |
Excluded by Planck R
6 : //’ -
\6\6 - g
A 6@@ . _ _ 7
QY =7
-7 via CMB
2 bispec -
0 T R R
20 40 60 80 100 120 140
Llifi,/%g,gg

min

can reach o(fn) < 1 with sufficient control
of large-scale systematics in SO CMB
lensing x LSST galaxies
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SO LAT Science Columbia

—xtragalactic astrophysics: galaxy formation, ICM physics

NYySICS: neutrino masses, new light species, BSM

perturbations: non-Gaussianity, P(k)

Sources: variable blazars, dusty galaxies

Transients: uncharted discovery space

Milky Way ISM: dust composition, magnetic fields

Solar System: Planet 9, asteroids

+ much more
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Source Sensitivity Columbia
AGN (radio) DSFGs (dust)
] : : | —— Sync 93 GHz 1 ' I | — Dust93 GHz
1055\\' | —— Sync 145 GHz | —— Dust 145 GHz
: NN —— Sync 225 GH o ! —— Dust 225 GH
: ::EEESSESE sz:zzsocst \| | Dust 280 GHs
,\104; ii i SSS§ __104- ii i \\\\
no o } noe o I
= = :\\l \
10 10y l\\
] ] \\
10?00 10t 102 10300 100 10?2
S (mjy) S (m)y)

SO will detect ~96,000 AGN and ~30-40,000 dusty galaxies

~daily cadence monitoring
for 7,500 of these AGN

wal»> may detect ~100 SMBH binaries via sinusoidal light curves
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Variable AGN Columbia

SO will continuously monitor and publicly release light curve
data for ~40,000 AGN (after completion of NSF-funded pipeline in ~2028)

Enables multi-wavelength and multi-messenger (e.g., neutrino)
orobes of AGN physics

CECube Neutrino
- OVRO 15 GHz, J0211+1051
3
a h
2 4
s = | v /ﬂ
© | *
>
L S | b : N

2008 2010 2012 2014 2016 2018 2020
Hovatta+ 2021
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SO LAT Science Columbia

—xtragalactic astrophysics: galaxy formation, ICM physics

NYySICS: neutrino masses, new light species, BSM

perturbations: non-Gaussianity, P(k)

Sources: variable blazars, dusty galaxies

Transients: uncharted discovery space

Milky Way ISM: dust composition, magnetic fields

Solar System: Planet 9, asteroids

+ much more
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Luminosity

Known classes of
extragalactic synchrotron transients

102! Long Gamma-Ray Bursts
: (on-axis) | | |
Tidal Disruption Events

7"_' (on-axis)

N 101: .

- E We estimate
" | characteristic
> ’ luminosities and

o‘” 109 Fast Blue Optical Transients intrinsic rates
m
S Low-Luminosity GRBs

>
— 1071 Long Gamma-Ray Bursts
5 (off-axis)
-2 _Core-collapse supernovae in dense environments
10770 0! 102

Ot100 [days]
Duration Eftekhari+ 2021



] Colin Hill
Transients Columbia

SO will be sensitive to known classes of
millimeter-wave transients and to new discoveries

ﬁ Fast Blue Optical Transients
ﬁ Off-axis TDEs
On-axis TDEs out to 3300 Mﬁc in monthlx stacks '
ﬁ off-axis LGRBs
30-day stacks

Daily maps
ﬁ on-axis LGRBs
GRB Reverse Shocks out to 2400 Mpc in daily maps '
2 103

10 10
Detection Distance [Mpc]
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Transients Columbia

SO will probe the physics of jet launching
and collimation by detecting GREB reverse shocks.

e SO will provide the first unbiased survey of millimeter-wave
GRB reverse shock emission. SO ’s large sample of reverse
shock emission will enable detailed study of jet launching and
collimation.

Reverse
shock

Prompt
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Estimated detection rates (some are highly uncertain)

Class Volumetric Rate L, Distance | Detection Rate
(yr~"Mpc™?) (ergs”'Hz™') | (Mpc) (yr™h)
Extragalactic fast (1-10d duration) - — — < 10
Long-duration GRB, on-axis 4% 10710 1032 1300 2
Long-duration GRB, off-axis 6 x 10~° 3 x 10°° 360 0.6
TDE, on-axis 3x 10~ 1031 670 0.02
Low-luminosity GRB 2x 1077 10%9-103° 70-210 0.1-4
AT2018cow-like FBOT 10~7 10°° 210 2
Interacting SN 10~8 10%7-103° < 210 <0.2
Stellar flares — — — 180

Table 4. Estimated detection rates by SO for different classes of extragalactic transients at 145
GHz, and for stellar flares at 90 GHz. We define off-axis long-duration GRBs to have 6,,s = 0.4.

(GRB reverse shocks not listed here, but will be numerous)
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—xtragalactic astrophysics: galaxy formation, ICM physics

NYySICS: neutrino masses, new light species, BSM

perturbations: non-Gaussianity, P(k)

Sources: variable blazars, dusty galaxies

Transients: uncharted discovery space

Milky Way ISM: dust composition, magnetic fields

Solar System: Planet 9, asteroids

+ much more
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SO will make deep maps of
nolarized Galactic em|SS|on ACT total intensity + 90 GHz polarization

10

Guan+ 2021
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Polarized Galactic Emission Columbia

Magnetic fields in molecular clouds

®* The role of magnetic fields in the formation and evolution of molecular
clouds is poorly understood.

® SO will measure magnetic fields at scales intermediate between Planck
and ALMA

® 0.9 angular resolution at 280 GHz corresponds to 0.03 pc at a distance of
100 pc

¢ SO will measure the magnetic field structure of >860 molecular clouds with

1 pc resolution and at least 50 independent, high-SNR polarization
measurements per cloud

ESA/Planck
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The composition of interstellar dust

v (GHz]

. . 2000 1000 600 353 217 143100 70 44
® Does interstellar dust consist of , : : —_—

distinct silicate and
carbonaceous grains?
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®* We will test and constrain the

classical dust models that
predict a divergence of the total
Intensity and polarization
spectra in the frequency range

probed by SO. 0.4 |

Relative Polarization Fraction

«— SO bands—
* We will further constrain dust I Planck
grain shape and porosity via ST § BLASTPol I
comparison to starlight 00 o L
polarization measurements 100 500 1000 3000
A [pm]
Constraint on dust spectral index: Hensley & Draine 2021

O(Bdust) — 0005



Probing solar system
formation via exo-Oort clouds

* The Oort Cloud is a roughly

iIsotropic shell of ice and Bl | N
dust that is thought to L | e R
surround our Sun at R~103 Gy | i
- 105 AU s | e

e We infer the presence of . TrueProfie |
the Oort Cloud dynamically, m\ Stacking
but it has never been Tm_;_
directly observed. <

e SO will search for thermal 20t
emission from exo-Oort o5l -
clouds around nearby Gaia | |
stars 07— ——Bo00 000 5000 20000

R [au]
The Science G¥servatory: Galactic Science Goals and Forecasts (2021)
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—xtragalactic astrophysics: galaxy formation, ICM physics

NYySICS: neutrino masses, new light species, BSM

perturbations: non-Gaussianity, P(k)

Sources: variable blazars, dusty galaxies

Transients: uncharted discovery space

Milky Way ISM: dust composition, magnetic fields

Solar System: Planet 9, asteroids

+ much more
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Solar System Columbia
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SO can search for thermal emission from distant Solar System
objects (e.g., “Planet 97)
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SO can search for thermal emission from distant Solar System
objects (e.g., “Planet 9”)

N 10° =
'-E> WISE maw
£ 10t IRAS/AKARI
E: P CCAT-prime
L 10 SO+ACT final
ACT 2019 N
10° &
5 Mg +H/He 288 AU
10_4 5 Mg nominal 500 AU . .
10 Mg, -ice 1600 AU ; ; =
10'5 [ ||||||| [ ||||||| [ ||||||| 1 ||||||| L1t Naess+21 (ACT)
10 100 1000 10000 100000 1e+06
Frequency (GHz)

SO can detect a 5 Earth-mass planet out to ~900 AU in the
deepest regions of the survey (~500 AU in shallowest)

+ 104 asteroids and many of the largest TNOs (e.g., Pluto)
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SO LAT: Status

Feb. 2025




Preliminary results shown in the talk are removed.
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SO LAT Science: Summary Columbia

SIMONS |

OBSERVATORY

Cosmologyand

Galactic A
Particle Physics .

Astronomy

H, Tension and New Physics

Light Relics and The Evolution of the Universe

Star Formation, Magnetlc\Flelds o
Neutrinos Over Cosmic Time 53

and Dust Turbulence

https://arxiv.org/abs/1808.07445
https://arxiv.org/abs/2503.00636




Thanks!

https://simonsobservatory.org/
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SO LAT Science: Summary

v

SO

Numbers show 1-0 unless Current Using Rubin,
S O C ove rs A I I Of catalog no. or distances 2025-2034 | DESI, or Euclid
A2 2 P 5 . ‘\\e Pl(‘ilmordia; perturbations
0 Ol SCIe n ce 0‘“ :l r =0.3 0.01 0.0012 v
635 “ X 0“ eiZT'P(k = 0.2/Mpc) 0.1(3;3 (())3(()72 _
,ﬁ\o . r‘\a“ local 5 1 y
‘o( 6 e & \“ Relativistic species
" "\ \10‘5 Nesr. 0.13 0.045 -
sea “‘\\ Neutrino mass
. £2 \" S ‘ e‘ge My (6V, o (1) = 0.01) 0.06 0.03 v
A ““ \“\\\l my (eV, o(7) = 0.002) 0.015 v
s‘\g(\ 63(“ Accelerated expansion
\\e os(z=1-2) 7% 1% v
6‘ \, Galaxy evolution
S\ AOND  reedbac 50-100% 2% v
a‘)Q Dot 50-100% 4% v
“e‘ “\ i.elonlzation
wa z ~1.4 0.3 -
T 0.007 0.0035 -
Cluster catalog 10000 33,000 v
AGN catalog 20000 96,000 -
Galactic science
Molecular cloud B-fields 10s > 860 -
o (Baust) 0.02 0.005 -
Solar System Science
Distance limit for 5 Mg Planet 9 | 500 AU 900 AU v
. ab\e Asteroid detections ~ 10,000
| _ a(\ Transient detection
https://arxiv.org/abs/1808.07445 _. “\e—“ distance
https://arxiv.org/abs/2503.00636 VW' WY [ong GRS, on-axis e :
. _ ow-luminosity GRBs 70-210 Mpc -
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