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Progress in the CMB Detection



Is cosmology with CMB 
complete?



Current status of CMB Polarization
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Current status of CMB Polarization
Need to fill out 
sparsely 
populated spots



More Science to Come 

- Inflation
- Neutrino
- Light relics
- Dark Matter
- Dark Energy
- CMB lensing

For more, CMB S4 Science Book: 
arXiv:1610.02743

https://arxiv.org/abs/1610.02743
https://arxiv.org/abs/1610.02743


Scalar perturbations -> E-mode. DETECTED

Tensor perturbations -> B-mode. ???????

Inflation



Predictions for CMB-S4
- Sensitivity ~ 1uK arcmin 

needed to reach σ(r) ~10-3

- Target bump at l~80
- Reionization bump difficult to 

reach from ground

- Multi-band to separate 
foregrounds

- Large aperture telescope 
delensing (constructed 
from E-mode maps) effort 
needed 



Implications of B-mode Detection
- Final check of inflation
- Probes the energy scale 

of inflation ~ 1016 GeV
- Evidence that quantum 

gravity must 
accommodate Planckian 
field range



Implications of an Improved Upper Limit
Models that explain observed 
value of ns naturally with ΔΦ >~ 
MP would be excluded

- Give up on inflation?



Neutrinos



Probing Neutrino Mass
CMB Lensing

- CMB directly sensitive to matter spectrum, largely free of astrophysical uncertainties
- Challenges: degeneracy with τ at above l ~ 20, and with Ωm (can be broken with DESI BAO expansion 

history) 

Galaxy Cluster Abundance

- Free streaming neutrinos slow growth of structure  and suppresses abundance
- Expects nearly mass limited sample (140000 for 1’ resolution)
- Limited by cluster mass estimation (X-ray observations and galaxy-cluster weak lensing can help)
- Synergy with LSST, sensitive to galaxy clusters at different epochs 



Forecast

With prior τ = 0.06+/- 0.01

Sensitivity caps 
out ~ 26meV, 
strongly 
dependent on τ!

Can expect stronger τ constraints 
from Stage 3, can push σ(Σmv) < 
15meV corresponding to 4σ 
detection for  Σmv=58meV



Light Relics
- Neff: total energy density in radiation prior to recombination (SM: Neff=3.046)

- Measure of the gravitational influence of free streaming radiation that is decoupled from the 
photon-baryon fluid 

- Possible sources of dark radiation: axions, sterile neutrinos, gravitational waves, dark photons, 
etc.

- ΔNeff ≥ 0.047 predicted for models with additional light particles of spin 1/2,1, and/or 3/2 
- ΔNeff ≥ 0.027 predicted for models with particles of spin 0
- σ(Neff ) ~ 0.02-0.03 will probe this at 2σ and 1σ



Observational Signatures
- Change in radiation energy 

density which controls the 
expansion and thus the 
damping tail of power 
spectrum

- Fluctuations also produces a 
shift in phase of peaks

Constraints sensitive to lmax 
(~5000?)





Dark Energy

~ 140000 clusters for 1’



Photon noise limited
NEP = 6x10-17W2/(Hz)½

NET ~ 300uK s1/2

Assume temperature noise of 3 nK deg, 4 year survey with 25% efficiency, fsky ~ 
0.05

Nbolo = (300uK s1/2/0.003 uK deg)2 x (2000 deg2/3x107s) ~ 5x105 bolometers needed
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Current status
- Fleshing out CMB-S4 Instrumentation Book. What could we do to achieve the 

goals from Science Book?
- Figuring out how to control systematics, especially removing foreground
- Start building telescopes and detectors


