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CMB Lensing

Bin Hu @ BNU



Lensing: mixing different ells

conservation of surface brightness
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O(x) =6 (x) = O(x + V)

mixing different ells
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Lensing: smearing acoustic peak

21/
dl -1-1Ny1-1)6

/ ks 2

A _0
Lensed \ — AL =2
5000} A, =5 |1

unlLensed — A; =10

QO
=
<
~~ 3000}
—
_F
~

=" 2000}

1000

00 200 400 600 800 1000 1200 1400 1600 1800

[



Reconstruction
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Core'1 = Reverse a non-linear process!



EXte r n al h e I p cross-correlate with galaxy catalog

gray: Planck CMB map

galaxy trace gravitational potential (roughly)

blue: SDSS-DR8
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Fig. 17. Cross-spectra of the Planck MV lensing potential with several galaxy catalogs, scaled by the signal-to-noise weighting

factor Ai‘ﬁ defined in Eq. (52). Cross-correlations are detected at approximately 200 significance for the NVSS quasar catalog, 100
for SDSS LRGs, and 70 for both MaxBCG and WISE.
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an we do
It Internally ?
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Higher order statistics
Aom,
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Quadratic estimator

Hu-Okamoto 08’

Trispectrum (4pt)
TLM

Give optimal weight ¢LM ~ T
to different ell, and R L +— Normalization factor

minimize the errors

:T;LM ~ W€1€2LT€1m1 ngmg

AN

Ry ~ W€21£2L Window Func




However, ¢.. IS very very




unavoidable noise
signal estimator (from primary cmb)
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Noise level estimation for AliCPT
" Using flat'Sky approximation

e ALLCPT FWHM of the beam [arcmin] #fwmh_arcmin = 12.0

eA11CPT noise [\mu Kxarcmin]

D T arcmin = 9.0 D _P_arcmin = 9.0%xnp.sqrt(2)
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CAN be better!
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108 Comparlson of our code Wlth Quicklens X :

[PJ Zhang (SJTU) get similar result]
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Simulation for 4000 degsq

quicklens (Planck pipeline) by Duncan Hanson
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ell*ell*cldd(EE)

1x107°

1x107®

1x1077

1x10°8

1x107°

1x10710

ell



D _ 0 P
o o o o
— — — ~—
X X X X
— — — —

(g3)ppIo.lIe.l1e

o
i

1x10

1x1071

1x10712

1000

100

ell



Curved sky

Simulation (from Siyu): 10% sky, 150 GHz noise map, n_side=512

Orthographic view
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Planck legacy code: Plancklens
by Julien Carron

lensing gradient (TT)

Using one simulation from Siyu
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To do list - Simulation

Discussion
w. Chang




