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1. The survey window function

Due to the geometry of the survey volume, we have to convolve the theoretical power
spectrum with the survey window function, which is a pain, but there is no way around it.

δ′(x) = δ(x)W (x),(1)

δ̃′(k) = δ̃(k) ∗ W̃ (k),(2)

where ∗ denotes a convolution.

P ′(k) =

∫
d3q

(2π)3
P (k− q)|W̃ (q)|2(3)

Fortunately, it was found that the 3D convolution can be broken into 1D Hankel trans-
formations, due to the convolution theorem [1].
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Figure 1. The survey window function for BOSS DR12 [6].

2. The measurements of BAO

2.1. BAO using power spectrum multipoles. The template:

α⊥ =
DA(z)rfid

d

Dfid
A (z)rd

, α‖ =
Hfid(z)rfid

d

H(z)rd
(9)

Pg(k, µ) = Pnw(k, µ)

{
1 +O(k)e

−k2
[
µ2Σ2

‖+(1−µ2)Σ2
⊥

]
/2
}

(10)

Pnw(k, µ) = B2
(
1 + βµ2

)2
Pnw,lin(k)F (k, µ)(11)

F (k, µ) =
1

(1 + k2µ2Σ2
s/2)

(12)
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Figure 2. The convolved power spectra [6].
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Figure 3. The BAO fit in k-space using BOSS DR12 data [6].

k′ =
k(1 + ε)

α

{
1 + µ2

[
(1 + ε)−6 − 1

]}1/2

µ′ =
µ

(1 + ε)3

{
1 + µ2

[
(1 + ε)−6 − 1

]}−1/2
(13)

where

α = α
2/3
⊥ α

1/3
‖ , 1 + ε =

(
α‖

α⊥

)1/3

(14)

2.2. BAO using correlation function multipoles.

P`(k) =
2`+ 1

2

∫ 1

−1
P (k, µ)L`(µ)dµ(15)

ξ`(s) =
i`

2π2

∫
k2P`(k)j`(ks)dk(16)
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Figure 4. The BAO fit in s-space using BOSS DR12 data [7].

ξ(s, µ) =
∑
`

ξ`(s)L`(µ)(17)

ξ`
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ξ mod
0 (s) = B0ξ0

(
s, α⊥, α‖

)
+A0(s)

ξmod
2 (s) = ξ2

(
s, α⊥, α‖

)
+A2(s)

(21)

With this methodology, the BAO distance has been well measured from SDSS, 2dF
[2, 3, 4, 5, 6, 7, 8] and DESI surveys [9, 10, 11], especially with the BAO-reconstruction
technique [12, 13].

References

[1] M. J. Wilson, J. A. Peacock, A. N. Taylor and S. de la Torre, “Rapid modelling of the redshift-space
power spectrum multipoles for a masked density field,” Mon. Not. Roy. Astron. Soc. 464, no. 3, 3121
(2017) doi:10.1093/mnras/stw2576 [arXiv:1511.07799 [astro-ph.CO]].

[2] D. J. Eisenstein et al. [SDSS], “Detection of the Baryon Acoustic Peak in the Large-Scale Correlation
Function of SDSS Luminous Red Galaxies,” Astrophys. J. 633, 560-574 (2005) doi:10.1086/466512
[arXiv:astro-ph/0501171 [astro-ph]].

[3] S. Cole et al. [2dFGRS], “The 2dF Galaxy Redshift Survey: Power-spectrum analysis of the fi-
nal dataset and cosmological implications,” Mon. Not. Roy. Astron. Soc. 362, 505-534 (2005)
doi:10.1111/j.1365-2966.2005.09318.x [arXiv:astro-ph/0501174 [astro-ph]].

[4] W. J. Percival et al. [SDSS], “Baryon Acoustic Oscillations in the Sloan Digital Sky Survey Data
Release 7 Galaxy Sample,” Mon. Not. Roy. Astron. Soc. 401, 2148-2168 (2010) doi:10.1111/j.1365-
2966.2009.15812.x [arXiv:0907.1660 [astro-ph.CO]].

[5] S. Alam et al. [BOSS], “The clustering of galaxies in the completed SDSS-III Baryon Oscillation
Spectroscopic Survey: cosmological analysis of the DR12 galaxy sample,” Mon. Not. Roy. Astron. Soc.
470, no.3, 2617-2652 (2017) doi:10.1093/mnras/stx721 [arXiv:1607.03155 [astro-ph.CO]].

[6] G. B. Zhao et al. [BOSS Collaboration], “The clustering of galaxies in the completed SDSS-III
Baryon Oscillation Spectroscopic Survey: tomographic BAO analysis of DR12 combined sample in
Fourier space,” Mon. Not. Roy. Astron. Soc. 466, no. 1, 762 (2017) doi:10.1093/mnras/stw3199
[arXiv:1607.03153 [astro-ph.CO]].

[7] Y. Wang et al. [BOSS Collaboration], “The clustering of galaxies in the completed SDSS-III Baryon
Oscillation Spectroscopic Survey: tomographic BAO analysis of DR12 combined sample in config-
uration space,” Mon. Not. Roy. Astron. Soc. 469, no. 3, 3762 (2017) doi:10.1093/mnras/stx1090
[arXiv:1607.03154 [astro-ph.CO]].

[8] G. B. Zhao et al., “The clustering of the SDSS-IV extended Baryon Oscillation Spectroscopic Sur-
vey DR14 quasar sample: a tomographic measurement of cosmic structure growth and expansion
rate based on optimal redshift weights,” Mon. Not. Roy. Astron. Soc. 482, no. 3, 3497 (2019)
doi:10.1093/mnras/sty2845 [arXiv:1801.03043 [astro-ph.CO]].

[9] A. G. Adame et al. [DESI], “DESI 2024 III: baryon acoustic oscillations from galaxies and quasars,”
JCAP 04, 012 (2025) doi:10.1088/1475-7516/2025/04/012 [arXiv:2404.03000 [astro-ph.CO]].

[10] A. G. Adame et al. [DESI], “DESI 2024 IV: Baryon Acoustic Oscillations from the Lyman alpha forest,”
JCAP 01, 124 (2025) doi:10.1088/1475-7516/2025/01/124 [arXiv:2404.03001 [astro-ph.CO]].

[11] M. Abdul Karim et al. [DESI], “DESI DR2 Results II: Measurements of Baryon Acoustic Oscillations
and Cosmological Constraints,” [arXiv:2503.14738 [astro-ph.CO]].

[12] D. J. Eisenstein, H. j. Seo, E. Sirko and D. Spergel, “Improving Cosmological Distance Measurements
by Reconstruction of the Baryon Acoustic Peak,” Astrophys. J. 664, 675-679 (2007) doi:10.1086/518712
[arXiv:astro-ph/0604362 [astro-ph]].

[13] E. Paillas et al. [DESI], “Optimal reconstruction of baryon acoustic oscillations for DESI 2024,” JCAP
01, 142 (2025) doi:10.1088/1475-7516/2025/01/142 [arXiv:2404.03005 [astro-ph.CO]].


