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Introduction
● Upcoming ground-based Cosmic 

Microwave Background (CMB) surveys 
will provide data with unprecedented high 
angular resolution and low detector 
noise.

● CMB secondaries will play a larger role in 
future data since they are prominent at 
small scales.

● ResUNet-CMB is a deep learning 
network that can efficiently reconstruct 
the fields that distort our view of the 
CMB.
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Weak Gravitational Lensing
● CMB photon trajectory is deflected by 

intervening mass between our telescopes and 
the surface of last scattering.

● Photons are deflected by an angle ∇f.  

● Induces B-mode polarization from E-mode.

 

Lensing Potential: f Distortion effect on CMB 
temperature anisotropies

See Hu and Okamato (2002): arXiv:astro-ph/0111606, Image credit: ESA; APS/Alan Stonebraker
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Patchy Reionization

● When the first stars turn on, they ionize 
the surrounding neutral hydrogen. This is 
the reionization epoch.

● Inhomogeneous reionization causes three 
categories of observable impacts on CMB:
– Scattering
– Kinetic Sunyaev-Zel’dovich effect
– Screening

Su et. al. (2011): arXiv:astro-ph/1106.4313, Image Credit: Loeb
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Patchy Reionization

● Screening can be reconstructed from 
CMB polarization alone.

● Spatially modulates the temperature and 
polarization anisotropies.

● Modulation of polarization anisotropy 
converts E-mode into B-mode 
polarization.

 Anisotropic t Map
Modulation of CMB 
temperature anisotropies
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Cosmic Polarization Rotation
● Linearly polarized CMB light propagating 

towards our telescopes can have its 
plane of polarization rotated.

 

● Possible sources of cosmic polarization 
rotation:

– Chern-Simons coupling of photons 
and axion-like particles

– Primordial magnetic fields and 
Faraday rotation

● Depending on source of the cosmic 
polarization rotation, the rotation angle 
can be isotropic or anisotropic.

Image Credit: Y. Minami/KEK  
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Cosmic Polarization Rotation
● Focus on polarization rotation angle, a, 

that varies with line-of-sight, anisotropic 
polarization rotation.

● Mixes Q and U polarization (resulting in a 
mix of E- and B-mode) but does not 
generate new polarization.

● Induces non-stationary CMB statistics 
analogous to those caused by lensing and 
patchy reionization.

 Anisotropic a Map
Rotation of CMB Q 
anisotropies
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Quadratic Estimator
● The quadratic estimator (QE) provides a way of 

estimating distortion fields by using products of 
observed CMB maps.

EB Estimate

See Hu and Okamato (2002): arXiv:astro-ph/0111606 and Su et. al. (2011): arXiv:astro-ph/1106.4313

True t

True a

True f

(T, E, B) (f, t, a)
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Quadratic Estimator
● The QE is the current standard technique 

for distortion field reconstruction.

● A 40s detection of lensing was made with 
Planck data.

● QE is suboptimal at precision of 
upcoming surveys.

Image Credit: Planck 2018 results. VIII. Gravitational lensing: 
arXiv:1807.06210
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Convolutional Neural Networks (CNNs)
● CNNs take images for input and are able 

to output a desired image or a 
classification result.

Convolutional Layer

Image Credit: Francois Chollet
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Simulation Pipeline
Theory

Primordial Q Observed Q

t k Noise

Taper

70,000 Simulations are produced

a
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ResUNet-CMB



13

Patchy Reionization Results
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Patchy Reionization Results
ResUNet-CMB Result Standard QE Result

Optimal Result
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Cosmic Polarization Rotation Results
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Cosmic Polarization Rotation Results

ResUNet-CMB Result

Optimal Result

Standard QE Result
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Summary
● ResUNet-CMB:

– Significantly outperforms 
standard QE at low noise for 
reconstruction of t, a, and k.

● Future Directions:
– Robust uncertainty quantification
– Reconstructing primordial B-

mode polarization in presence of 
lensing


