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The Cosmic 
Microwave 

Background



Temperature & Polarization anisotropies: density and velocity 
perturbations in primordial plasma from surface of last-scattering 
at T ~ 380,000 years

The Cosmic Microwave Background

3Planck CMB-only Intensity map



• We can predict the statistics of the CMB as a function of 6 
cosmological parameters using standard physics

• Compare CMB maps to theory using angular power spectra

The Cosmic Microwave Background
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Figure: Lucy Reading-
Ikkanda/Quanta Magazine; 
Planck 2013 XVI



In our "CMB" maps we also have:
• CMB secondaries

o The CMB anisotropies are lensed by large-scale structure
▪ Can be used to trace the projected dark matter mass distribution

oSunyaev-Zeldovich (SZ) effect: Interaction with electrons in the line of 
sight
▪ Excellent galaxy cluster finding tool
▪ Tracer of electron pressure and velocities

• Foregrounds
oGalactic dust
oGalactic synchrotron radiation
oExtragalactic point sources
oCosmic Infrared Background (high-redshift dusty galaxies)

The Cosmic Microwave Background
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The Cosmic Microwave Background
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• State of the art: 
oPlanck: tight constraints on basic cosmological parameters!

▪ E.g. Expansion rate of the Universe, energy densities
oACT, SPT, BICEP ++: Smaller scales, polarization

oNext steps: 
oPrecise measurements of very small scales and CMB secondaries
oLarge-scale B-mode polarization
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SO Science



• PGWs are predicted from inflation, and could be used to measure 
the energy scale of inflation

• CMB polarization can be decomposed into patterns of even (E-
mode) and odd (B-mode) parity

• Density perturbations generate only E-modes
• Primordial B-mode polarization would be direct evidence for 

tensor perturbations: primordial gravitational waves

Primordial Gravitational Waves
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Figure: Dodelson & Schmidt 2025



Primordial Gravitational Waves
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SO will achieve σ(r)~10-3, 
an order of magnitude 
beyond current 
constraints



• The presence of additional light (< 1 eV) species would affect the 
amplitude and phase of small scales in the CMB
oConstrains axions, sterile neutrinos, and other relativistic particles
oWill rule out any light spin-3/2 particle in equilibrium back to reheating

Light Species
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Figure adapted from Green et al. 1903.04763



• Neutrinos affect expansion rate and delay growth of structure
• Probed by CMB lensing, galaxy cluster abundances

oSO will detect ~30,000 clusters (20x Planck) tracing large-scale structure
oComplementary probes; SO+DESI:            ~ 30 meV.
o ~15meV with improved τ from LiteBIRD.

Neutrino Mass
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• CMB Lensing x galaxy clustering constrains the growth of structure 
over cosmic time (σ8(z))
oCluster abundances can give a complementary measurement

• Test for deviations from cosmological constant (modified 
gravity, time-varying dark energy, etc.)

• SO + LSST (upcoming galaxy survey) will constrain σ8(z) to 1%. 
Competitive with weak lensing, able to reach higher redshift. 7x 
better than Planck.

Growth of Structure
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Current Status



Site
• Atacama Desert, Chile, 5200m
• Same site as ACT, POLARBEAR, CLASS, 

near ALMA

Simons Observatory

15OpenStreetMap



Small Aperture Telescopes (SATs)
• 0.42m aperture
• 17 arcmin resolution (145 GHz)
• ~10,000 detectors / SAT (90/145 GHz)
• Continously rotating Half Wave Plate
• 2 SATs at 90/150 GHz, 1 SAT at 

220/280GHz
• Science:

o Primordial B-mode polarization

Simons Observatory
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Large Aperture Telescope (LAT)
• 6m aperture
• 1.4 arcmin resolution (145 GHz)
• ~31,000 detectors
• 6 frequency bands

o30/40, 90/150, 220/280 GHz

• Science:
oPrimary CMB, lensing, clusters and 

SZ, large-scale structure/cross-
correlations, transients, galactic 
science.

Simons Observatory
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Simons Observatory
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SAT Status
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• All 3 SO Nominal SATs have been deployed
• 2 SATs taking initial science data at 90/150 GHz since late 2024
• 1 SAT at 220/270 GHz is being commissioned

North: 1000 deg2

South: 2400 deg2

Signal-dominated 
region: ~10% of the sky



SAT Status
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SAT Status
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Preliminary
SO Initial Science Data



SAT Status
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Preliminary
SO Initial Science Data



SAT Status
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Preliminary
SO Initial Science Data



SAT Status
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• Good instrumental understanding
o Beams, noise properties, etc

• Efficiently clean data of unwanted 
signals

• Null tests and robustness checks
• Separate signal from "foregrounds": 

Galactic dust, synchrotron radiation
• Remove lensing B-modes
• Compute primordial BB power spectrum 

and constrain r

We have all analysis steps in place and are actively improving further

Small signal requires great care in the analysis



LAT Status
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• Initial science observations began summer 2025; ongoing.

Survey footprint: ~61% 
of the sky. 40% for 
cosmological analysis.



LAT Status
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SO LAT at 90 GHz (144 hours)
Preliminary

Pointing corrections not fully 
implemented.



LAT Status
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ACT DR6 at 90 GHz (5 years)



LAT Status
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Preliminary
SO Initial Science Data



LAT Status
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Preliminary
SO Initial Science Data



LAT Status
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CMB lensing map from 144 hours of observations. CIB overlaid.

Preliminary
SO Initial Science Data



Summary
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• Two SATs have ~1 year of early science data and continue to take 
data with sensitivity better than baseline

• High-frequency SAT is commissioning
• LAT is taking early science data and already reaching ACT 

sensitivities on small patches
• 3 more SATs in construction: observing 2027
• LAT detector count nearly doubled by 2028, filling the focal plane
• Watch for commissioning and early data papers soon!


	Slide 1: The Simons Observatory: Status and Early Data
	Slide 2
	Slide 3
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

