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Disconnected regions of Cosmic 
Microwave Background (CMB) 
temperature anisotropies are 
correlated and nearly scale-
invariant

Perturbations believed to be 
quantum-scale fluctuations 
stretched to macroscopic scales by 
inflation

CMB power spectrum and Gaussianity



CMB power spectrum and Gaussianity

For non-interacting quantum fields, 
perturbations follow a Gaussian distribution. 
Can parameterize non-Gaussianity as:

    ɮ ɮ Ὢ ɮ

Planck 2018 constrains the primordial 
power spectrum around Ὧz πȢπυ ὓὴὧ , 
as well as Ὢ ρπ. Upcoming surveys will 
reach Ὢ Ḑὕρ.

Planck (2018)



Probing small-scales: ˃ -Distortions

For υ ρπ Ú ς ρπ, 
energy injections thermalized 
through distorting the CMB 
blackbody:
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Small-scale power spectrum

Since photons are redistributing 
energy across the plasma, acts as a 
form of energy injection into the bath

 θ ᷿ ὯὖὯὡ Ὧ

 ‘ traces small-scale power!



-˃anisotropies from perturbation theory

Kite et al (2022)

Perturbations in the metric and heating rate induce -˃anisotropies from an 
initially isotropic ˃-distortion



Anisotropies in ˃ exist if long-wavelength modes of 
size Ὧ modulate the amplitude of small-scale power 
[i.e. spatially-varying ὖ Ὧ ]

-˃distortions are useful for probing non-gaussianity at 

small scalesὯ ρπὓὴὧ

-˃anisotropies from non-Gaussianity
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Constraining small-scale power & non-Gaussianity

‘‏ Ḑ ‘‒
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Kite et al (2022)



Foregrounds strongly obscure -˃distortions
Remazeilles & Chluba (2018)



For CMB-S4, atmosphere weakens our low-Љ signal

Zegeye et al (2023a)



Survey
(‘ ς ρπ ) 
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(Deep; 99% atmo. corr.)
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Improving constraints for ground-based survey

ǒ More frequency channels to clean
out foregrounds

ǒ Since atmosphere is the main 
challenge, want to observe at 
frequencies where atmosphere is 
reduced and detectors where 
atmosphere is highly correlated

ǒ Most noticeable, ‘ signal
peaks at low frequencies



The Square Kilometer Array is expected to 
observe from 350 MHz - 15 GHz, with access to 

1000s of frequency channels


