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Simons Observatory Science Goals and Probes 
primordial 

fluctuations
large scale B-modes 
➔ tensor-to-scalar ratio (BB)

damping tail
➔ primordial power on small
scales (TE, TT, EE)

➔ primordial bispectrum (fNL
via TTT,TTE,… + lens/kSZ)

recombination
-era physics

damping tail 
➔ Nef (TE, TT, EE)
➔ EDE (TE, TT, EE)
➔ Mod. rec. (TE, TT,
EE)
➔ Interacting ν (TE,
TT, EE)

reionization
sources 
➔ duration of
reionization (kSZ)
➔ mean free path
of photons (kSZ)

dark energy

tSZ, lensing 
➔ σ8 at z=2-3
(lensing, tSZ)

➔ growth of 

structure (kSZ)

neutrino 
mass
lensing 
potential 
(TT+EB), tSZ 
➔ Σmν

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

galaxy 
evolution
tSZ, kSZ 

➔ non-thermal pressure
(tSZ+kSZ) 

➔ feedback efficiency
(tSZ+kSZ)
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ColumbiaSimons Observatory Instruments & Technology 

~30,000 detectors

~30,000 
detectors

+ 3 additional SATs coming 
online by 2027+ 6 additional OTs installed in 2026

~60,000 detectors in total!
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ColumbiaSimons Observatory LAT Timeline 
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ColumbiaAnticipated Noise Performance 

SO LAT: 2025-2034 
assuming 6 additional optics tubes are added in 2028

Combined sensitivity (goal): 2.6 μK*arcmin

Significant improvement over previous surveys: 
Planck: ~25 μK*arcmin  (~5 arcmin resolution) 
ACT DR6: ~10 μK*arcmin
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ColumbiaAnticipated Noise Performance 

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

E-mode power spectrum:
SO-nominal 

noise (incl. fg)

SO-full 
noise (incl. fg)
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ColumbiaAnticipated Sky Coverage 

total fsky ~ 60% 
(cosmological fsky ~ 40%)

maximal overlap w/ 
Rubin LSST,  

large overlap w/ DESI
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ColumbiaSO LAT Science

- Extragalactic astrophysics: galaxy formation, ICM physics 
- Particle physics: neutrino masses, new light species, BSM 
- Primordial 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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NAOJ

Cosmic Microwave Backlight
Secondary Anisotropies
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- Deflection: gravitational lensing 

- Evolving potentials: integrated Sachs-Wolfe, Rees-Sciama effects 

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

Cosmic Microwave Backlight

NAOJ

Secondary Anisotropies
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Extragalactic Astrophysics
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Extragalactic Astrophysics
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ColumbiaExtragalactic Astrophysics

Planck Truth (sim.) SO+

25 sq. deg.WebSky (Stein+20); JCH/Sherwin/Alvarez for CMB-S4 DSR

mass

gas 
pressure
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ColumbiaExtragalactic Astrophysics

- Direct imaging of gas density (kSZ) and pressure (tSZ) in the CGM 

- Current stacked kSZ measurements (ACT+BOSS/DESI): S/N~10 

- SO stacked kSZ measurements (SO+DESI or Rubin): S/N~100s

Velocity-weighted kSZ stacking

Schaan+21
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ColumbiaExtragalactic Astrophysics

Direct constraints on galaxy formation physics from stacked kSZ+tSZ

Schaan+21
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ColumbiaExtragalactic Astrophysics

First statistical census of galaxy clusters at z > 2

Schaan+21
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ColumbiaExtragalactic Astrophysics

First statistical census of galaxy clusters at z > 2

Schaan+21

Spectral coverage for relativistic tSZ
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ColumbiaSO LAT Science

- Extragalactic astrophysics: galaxy formation, ICM physics
- Particle physics: neutrino masses, new light species, BSM
- Primordial 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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Schaan+21
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ColumbiaCMB: Relativistic Particle Detector

z=1010 z=1016

SO: sensitive to any light spin-3/2 particle that was in thermal contact 
at any time back to reheating

3.044
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ColumbiaCMB: Potential Hints of New Physics in H0
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ColumbiaCMB: Potential Hints of New Physics in H0
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CMB: Potential Hints of New Physics in H0
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Neutrino Mass… Need τ!
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Neutrino Mass… Need τ!
Epoch of Reionization
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Neutrino Mass
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ColumbiaDark Energy

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 
a function of redshift

DE equation of state (via 
tSZ cluster counts)

Unique ability to search 
for deviations from Λ at 
z > 1 (complementary 
to lower-redshift WL 
and galaxy surveys)

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

- Extragalactic astrophysics: galaxy formation, ICM physics
- Particle physics: neutrino masses, new light species, BSM
- Primordial 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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ColumbiaPrimordial Scalar Perturbations

Primordial scalar 
power spectrum

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

σ(ns) = 0.002
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Primordial scalar 
power spectrum

Local-type primordial 
non-Gaussianity

via CMB 
bispec.via scale-dep. bias

baseline
goal

+ tensor NGs

Primordial Scalar Perturbations

(N.B. these are nominal-SO errors)
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Primordial scalar 
power spectrum

Local-type primordial 
non-Gaussianity

via CMB 
bispec.via scale-dep. bias

baseline
goal

Primordial Scalar Perturbations

(N.B. these are nominal-SO errors)
can reach σ(fNL) < 1 with sufficient control 

of large-scale systematics in SO CMB 
lensing x LSST galaxies
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ColumbiaSO LAT Science

- Extragalactic astrophysics: galaxy formation, ICM physics
- Particle physics: neutrino masses, new light species, BSM
- Primordial 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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ColumbiaSource Sensitivity

AGN (radio) DSFGs (dust)

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

for 7,500 of these AGN
may detect ~100 SMBH binaries via sinusoidal light curves
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ColumbiaVariable AGN

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) 
probes of AGN physics
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ColumbiaSO LAT Science

- Extragalactic astrophysics: galaxy formation, ICM physics
- Particle physics: neutrino masses, new light species, BSM
- Primordial 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



Colin Hill 
Columbia

(100 GHz)



Colin Hill 
Columbia



Colin Hill 
ColumbiaTransients

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

 SO

 SO

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

 SO
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ColumbiaTransients

Estimated detection rates (some are highly uncertain)

(GRB reverse shocks not listed here, but will be numerous)
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ColumbiaSO LAT Science

- Extragalactic astrophysics: galaxy formation, ICM physics
- Particle physics: neutrino masses, new light species, BSM
- Primordial 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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ColumbiaPolarized Galactic Emission

ACT total intensity + 90 GHz polarization
SO will make deep maps of 
polarized Galactic emission
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ColumbiaPolarized Galactic Emission

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
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ColumbiaPolarized Galactic Emission

The composition of interstellar dust

• Does interstellar dust consist of
distinct silicate and
carbonaceous grains?
• 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.
• We will further constrain dust
grain shape and porosity via
comparison to starlight
polarization measurements

Constraint on dust spectral index: 
σ(βdust) = 0.005
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ColumbiaSO LAT Science

- Extragalactic astrophysics: galaxy formation, ICM physics
- Particle physics: neutrino masses, new light species, BSM
- Primordial 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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ColumbiaSolar System

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

Naess+21 (ACT)
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SO can search for thermal emission from distant Solar System 
objects (e.g., “Planet 9”)

Naess+21 (ACT)

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)

Solar System



Colin Hill 
ColumbiaSO LAT: Status

End of ACT

Feb. 2025



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



https://simonsobservatory.org/

Thanks!



SO LAT Science: Summary
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