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Superposition of Sound Wa_\fes
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Linear Polarization of the GMB
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The CMB provides a snapshot of the universe as it existed during recombination
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..plus the imprints of the structure between us and the last scattering surface.
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CMB Lensing ReConstructiqh ;

400 observation Planck (2018) 18
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CMB Lensing is Qa' Blessingit'éhd a Curse .

Lensing distortion hinders
pristine view of CMB last
scattering surface

CMB lensing field is sensitive to
growth of cosmological structure

Image Credit: Planck / ESA  '°
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The large velocities of cosmic
neutrinos causes them to free stream
out of potential wells and suppress the
growth of structure on scales smaller
than their free-streaming length
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Sensitivity regimes of various probes of clustering

Galaxy number density, galaxy
weak lensing, counts of galaxy
clusters, and weak lensing of the
cosmic microwave background
(among other probes) are
sensitive to the clustering of matter
across a wide range of scales and
redshifts

CMB lensing provides an unbiased
measurement of integrated matter
clustering in the linear regime

Green, JM (2021)
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Neutrno Mass with CMB Lensing _
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Patchy Reionization Modulates CMB Fluctuations

e The effect of patchy reionization on the CMB is not entirely distinct from gravitational lensing
e Standard reconstruction of patchy reionization is therefore biased by gravitational lensing

Su, Yadav, et al (2011); Image Credit: Scientific American
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ResUNet-CMB provides a nearly optimal,
unbiased reconstruction of patchy reionization
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Birefringehce and'l\/lagnetic.;l':;ile"ld; Rotate CMB Polarization

e Cosmic birefringence may result from axion-like particles with Chern-Simons coupling to electromagnetism
e Primordial magnetic fields can also rotate CMB polarization angles due to Faraday rotation

Carroll, Field, Jackiw (1990); Kosowsky, Loeb (1996); Image Credit: Minami  *’
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Image Credits: Planck; BEBC/CERN; Springel, et al; Alvarez, Kaehler, Abel
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