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Weak lensing of the CMB
by large-scale structure:

* RMS deflection of 2.4,

* Peak lensing efficiency
halfway to CMB (z~2, or
7000Mpc comoving).

* Coherent over ~300Mpc
comoving (00~2" on sky).
* (Relatively) Small
corrections from non-
linearity.
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CMBpol Lensing White Paper (2008)



CMB Temperature Unlensed




CMB Temperature Lensed
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Lensing smooths the accoustic peaks of the CMB Power Spectrum,
though smoothing is sensitive only to amplitude of C;#°.



CMB LENS RECONSTRUCTION

» We can directly reconstruct the lensing potential ¢(7).

» Idea: as in Galaxy weak lensing, start by decomposing the lensing
potential into “observable” convergence and shear modes:

—Vid = KT+ V- —W
’ V-tw E=yt ]

PN

{

T+



CMB LENS RECONSTRUCTION

» Consider taking the power
spectrum of a small patch with

uniform k.
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» To first order in kK we have

CTT CTT + rAF, where

Af =

» Look for A7 in (localized)
estimates of power spectrum,
stitch together to get k(7).
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Dec (J2000)
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Infrared Background
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Measurements of the
lensing power spectrum
have become possible in
last two years:

* First ACT in 2011 (40)
e SPT in 2012 (6.30)
e Planck in 2013 (250).

Lensing now a major
component of all CMB
experiments.



ACT and SPT temperature measurements are now
sample/foreground limited. Only way to get more
information is to cover more sky.
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The future is pblarization: CMB is linearly
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polarized at 10% level by Thompson scattering.
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The future is polarization: CMB is linearly
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Breaking polarization into E- and B-modes, lensing has qualitatively
different behaviour in polarization.
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Breaking polarization into E- and B-modes, lensing has qualitatively
different behaviour in polarization.
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Breaking polarization into E- and B-modes, lensing has qualitatively

different behaviour in polarization.
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G-W B modes,
r = [0.001, 0.01]
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Carlstrom, Lee, ++ «CF5 Inflation Physics from the CMB and LSS»
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Lensing B modes are

l (9CBB’IGHS 6CXX sourced by E and ¢ over a
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range of scales.



Lens reconstruction in polarization is qualitatively
different than in temperature; can be thought of as
a process of template fitting.
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Many experiments being built or already operating with
target noise levels low enough to see lensing B modes:

ABS
BICEP
EBEX
SPIDER
LiteBIRD

PolarBear
Also measure small
SPTpol
scale E modes -> can

ACTpol reconstruct .



Detection of B-mode Polarization in the Cosmic Microwave Background
with Data from the South Pole Telescope
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First measurement of lensing B modes (last week!) using
three-point EB$ from SPTpol + Herschel-SPIRE maps of the
cosmic infrared background.
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Lensing B modes now detected at 7.70 significance.



Next ~3 years, ACTpol, SPTpol, Polarbear
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