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The important complementarity of space 

and ground/balloon CMB measurements.
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Do from satellites only what cannot be done from 

the ground/balloons (at a reasonable 

cost/timescale.)

Use ground and balloon observations to mature 

technologies for space (in addition to the 

Science!)

Space has the advantage of stability, repeatability, 

long uninterrupted observing, continuous 

calibration on dipole, and all sky coverage.



Thermal stability

TRS: 

Thermal 

Reflector 

System 

(the 
primaries)

FPA: Focal Plane 

Assembly, where 

the amplifiers 

lived.

Limon et al. 2010. WMAP’s first year 

thermal profile. 

First (?) bolometric detection at L2! 

LiteBIRD will see 

solar storms in the 

HWP!



Jarosik et al. 2007.  

Temperature of 

primary binned in 

solar azimuth. 

Year 1 

Year 2 

Year 3 



Bennett et al. 

2013.  

At a low level, lots of 

things change. They 

need to be checked. In 

this case, the central 

frequencies drifted.

Especially important for 

cleaning foregrounds. 



6

For B modes from space:

All sky measurements in frequency bands 

you cannot access from the ground with 

~CMB photon limited detectors (with the 

usual science drivers.)

For large area ground based measurements in P 

and T above l~500 we are already past Planck’s 

sensitivity and, due in part to multiple observations 

of planets, ahead on some systematics.

Complementarity from the ground:

This is already being pushed to lower l with ever 

improving techniques.



The white noise level in ACT’s DR6 Temperature 
maps

10 x10 degrees ±500μK

Credit: ACT Collaboration

From Sigurd Naess

Temperature anisotropy



The white noise level in ACT’s DR6 Polarization 
maps

10 x10 degrees ±20μK

Credit: ACT Collaboration

E-mode polarization



Recent ACT 

results
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Louis et al 2025

Space

Ground

 prior
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CLASS in 

Xcorr w/ Planck

Li, Eimer et al. 

2025 

Measuring tau 

a top priority 
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You can search for B-modes from Chile!

Access to large-area low-foreground region. 

Wonderful complementarity to space.

Preliminary SAT Maps:  90 GHz from one telescope

Q

U



The Future and Beyond:  Instruments Under 

Development
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Simons Observatory
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Simons Observatory
Solar Power (2025)

SO:UK – Two SATs
(2026) SO:France?

SO:Japan – One SAT 
(2026)

CMB-S4
(2033)

Permissions Request Underway

CLASS

The Future and Beyond:  Instruments Under Development



Thank you
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