
∼



7◦



∼ 10′



Npix ∼ 107



cos θ = a± b · φ



cos θ = a+ b/φ2



cos θ = a+ b/(π/2− φ)2



2floor(log2(u/4)/2),



4p, 4p+ 1, 4p+ 2, 4p+ 3



4u, 4u+ 1, 4u+ 2, 4u+ 3



Y`m



f(γ)



=



`max∑
`=0

∑
m

a`mY`m(γ),



γ



θ ∈ [0, π]



φ ∈ [0, 2π)



` > `max



−`max



`max



`m



m > `



f(γ)



γp



p ∈ [0, Npix − 1]



a`m



â`m



4π
Npix

Npix−1∑
p=0

Y ∗`m(γp)f(γp),



â`m



Ĉ`



Ĉ`



1
2`+ 1

∑
m

|â`m|2.



f(γp) −→ f(γp)w(γp)



C`



f(γp)



`



f(γ)/
√

4π



1/(4π)



f(γ)



4π



(2`+ 1)C`



2`+ 1



∆T/T



∆T



µK



CX,`



DX,`



`(`+ 1)
(2π)T 2

CMB

CX,`,



CX(`)



`(`+1)
2π CX(`)



µ



aTEMP
21 = − aTEMP

2−1 = 1



aGRAD21 = − aGRAD2−1 = 1



2 × 2



ψ



e1
′ = cosψ e1 + sinψ e2



e2
′ = − sinψ e1 + cosψ e2



Q′



cos 2ψ Q+ sin 2ψ U



U ′



− sin 2ψ Q+ cos 2ψ U



Q± iU



±2



±2Y
m
l



∑
lm

aT,lmYlm(n)



∑
lm

a2,lm 2Ylm(n)



∑
lm

a−2,lm −2Ylm(n).



(e1, e2) = (eθ, eφ)



eθ



eφ



±2alm



〈a∗X,lmaX,lm′〉



δm,m′CXl 〈a∗T,lmaE,lm〉 = δm,m′CCl,



〈· · ·〉



δi,j



−
∑
lm

aE,lmX1,lm + iaB,lmX2,lm



−
∑
lm

aB,lmX1,lm − iaE,lmX2,lm



X1,lm(n) = ( 2Ylm + −2Ylm)/2



X2,lm(n) = ( 2Ylm − −2Ylm)/2



X1,lm(n) =
√

(2l + 1)/4πF1,lm(θ) eimφ



X2,lm(n) =
√

(2l + 1)/4πF2,lm(θ) eimφ



F(1,2),lm(θ)



F1,lm(θ)



Nlm

[
−
(
l −m2

sin2 θ
+ 1

2 l(l − 1)
)
Pm
l (cos θ) + (l +m) cos θ

sin2 θ
Pm
l−1(cos θ)

]



F2,lm(θ)



Nlm
m

sin2 θ
[−(l − 1) cos θPm

l (cos θ) + (l +m)Pm
l−1(cos θ)],



Nlm(θ)



2

√√√√(l − 2)!(l −m)!
(l + 2)!(l +m)! .



F2,lm(θ) = 0



β



∑
m

s1Y
∗
lm(n1) s2Ylm(n2)



√
2l + 1

4π s2Yl−s1(β, ψ1)e−is2ψ2



〈T1T2〉



∑
l

2l + 1
4π CT lPl(cos β)



〈Qr(1)Qr(2)〉



∑
l

2l + 1
4π [CElF1,l2(β)− CBlF2,l2(β)]



〈Ur(1)Ur(2)〉



∑
l

2l + 1
4π [CBlF1,l2(β)− CElF2,l2(β)]



〈T (1)Qr(2)〉



−
∑
l

2l + 1
4π CClF1,l0(β)



〈T (1)Ur(2)〉



β → 0



P`(cos β)→ 1



P 2
` (cos β)→ sin2 β (`+2)!

8(`−2)!



〈TT 〉



∑
`

2`+ 1
4π CT`



〈QQ〉+ 〈UU〉



∑
l

2`+ 1
4π (CE` + CB`)



〈TQ〉 = 〈TU〉



CC`



(
Q′

U ′

)
=
(

cos 2ψ sin 2ψ
− sin 2ψ cos 2ψ

)(
Q
U

)
,



(
a′E,`m
a′B,`m

)
=
(

cos 2ψ sin 2ψ
− sin 2ψ cos 2ψ

)(
aE,`m
aB,`m

)
.



≥



≤
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`
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`



CGRAD
`
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`
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`
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`
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`
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`
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`
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−
√

2



CTG
`



√
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`
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)



 Q

U





∑
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 −aGRAD
`m

−aCURL
`m

.



 Q

−U





∑
`m
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
√

2aE,`m
√

2aB,`m

,



 Q

U





∑
`m
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 −
√
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`m

√
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.



Y`m(θ, φ)



λ`m(cos θ)eimφ



λ`m(x)



√√√√2`+ 1
4π

(`−m)!
(`+m)!P`m(x), for m ≥ 0



λ`m



(−1)mλ`|m|, for m < 0,



0, for |m| > `.



x ≡ cos θ



P`m



(1− x2) d
2

dx2P`m − 2x d
dx
P`m +

(
`(`+ 1)− m2

1− x2

)
P`m



P`



P`m



(−1)m(1− x2)m/2 d
m

dxm
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P`(x)



1
2``!
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dx`
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Ωpix



∫
duwp(u)f(u)



1/Ωpix



∫
duwp(u) = 1
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`=0

∑
m

a`mw`m(p),



w`m(p)



∫
duwp(u)Y`m(u),



w`m(p)



w`(p)Y`m(p)



w`(p)



 4π
2`+ 1

∑̀
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|w`m(p)|2
1/2

,
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`
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`
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`



w2
`C

unpix
`



w`



w`



 1
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Npix−1∑
p=0

w2
` (p)

1/2

.



` ≤ 4Nside



Nside ≤ 128



∆w/w < 7 10−4



` = 2Nside



∆w/w < 1.7 10−3



` = 4Nside



x ∈]0, 1[



2128 − 1 ≈ 3.41038


