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3. Secondary anisotropy

Key concept 3.1 ISW effect & reionisation

» optical depth
* gravitational potential decay during dark energy dominated epoch

* Lensing mixing different ell. In another word, mixing the light ray from different
direction.

* Lensing smearing out the T mode.

* Lensing convert E into B
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1 Sachs-Wolfez¥ iz / Integrated Sachs-Wolfe Effect
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Relonization

21110, [BEERFTHEINAEIT0FKAA,
MR FEFEEE, = CMBﬁ‘éjC 30

T

IILUI\
\IP

N
F/IAN—) = o

IXLEE EH AR 2 R, FR=E

Thomsongd 8y, [R#)EEHRIER, CMBXFEE
>K%in/>j/>__,,/ﬂ./), 90%E/] /J\%}J'TI:I /L;\ K/E L/{,TL_J‘E\B o

b, 2 BBERIREZENEICMBIE RN

p —

I
I
—>H
!
2T
o ke
Cl~
L
\/\/
¥/
I

- h’




3. Secondary anisotropy
Key concept 3.2 CMB Lensing

2 arcmin deflection angle of CMB lensing
* mixing light rays from different direction
* Lensing magnification

* Brightness conservation

* mode mixing
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where in matter domination the p(-)tentials due to these perturbations are constant in the

encountered t :
, rough is ~ 50.

=13000. In fct the unlensed CMB has verylittle power on




[credit: Lewis]



[credit: Lewis]



Magnification Unlensed Demagnification
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Averaged over the sky, lensing smooths out the power spectrum

Credit: Duncan Hanson
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CMB Lensing: coupling the light bundles from different direction!

2 2
Vi (x) = ﬂ “1)ets,  VO(x) =i ‘;—Wl 10(1)e™.

Taking the Fourier transform of ©(x) and substituting we get the Fourier comp
second order in ¢
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Lensing will introducing non-gaussianity after many
realization average over lensing potentials, ie. ell modes
coupling

On the other hand, for a fixed lens distribution, lensing will
introduce statistical anisotropy, ie. m modes coupling.

(Normally, we assume primary CMB is gaussian and statistical
ISOLtropy )



Idea of reconstruction: using the mode-coupling!

< 0(1;)6(13) >#£0 for 1y # 1o

do some calculation:
1. different primary CMB map lensed by A fixed lensing field

2. estimate the 1pt function of the lensing potential

3. calculate the 2pt function of the lensing potential
(understand the noise nature of the lensing potential)

https://arxiv.org/abs/astro-ph/0601594v4



Lensing reconstruction

1. Lensing noise level estimation
2. Lensing reconstruction

3. Delensing
primary CMB

unavoidable

(d%(L)ds(L')) = (2m)%6(L — L") [C¢ +'Nos(L)]
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conservation of surface brightness
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Before Lensing

credit: A. Lewis




After Lensing

credit: A. Lewis
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Lensing B-mode strength: 5 uK*arcmin

angular scale 6 [degrees]
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r>0.01, lensing B-mode is not that much serious!

r<0.01, lensing B-mode is serious problem, need de-lensing!



However, .. is very very




unavoidable noise
signal estimator (from primary cmb)
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Quadratic estimator
Hu-Okamoto 02’

Trispectrum (4pt)
OLM ~
Idea: give an optimal R L < Normalization factor

weight to each multiples
to maximize the S/N!
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Lensing Reconstruction [credit: Jinyi Liu]

c?® — N9 (semi-analytical)

- |C¢¢ (0) (MC)‘

1073 { — N[ (MC)
] —— (O) (semi-analytical)
o | |— C"’""f'd
104 - L
: — 1
10° 101



