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Motivation: Roman, SPHEREx, Euclid, PFS, 
59{LΣ Χ
ÅGalaxy surveys bridge the gap between low-redshift supernova Iaand 

high-redshift CMB measurements. (e.g. BAO)

ÅRedshift-space distortions (RSD) probe the growth of structure over 
cosmic time. O Tests for modified gravity.

ÅLarge scales especially important for non-Gaussianity.
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Redshift-space distortions I: Kaiser effect

Coherent flow of galaxies towards 
overdensitiesleads to increased 
clusteringalong the line of sight 
direction.

ᴼNon-zero quadrupole!
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Redshift-space distortions II: fingers of God

Stochastic motions of galaxies lead to 
a suppressionof clustering along line-
of-sight direction.

ᴼSmall-scale suppression of power.
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Homogeneity and Isotropy with Redshift-
space Distortions (RSD)
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Yamamoto to the rescue: Great for small 
angles!

ÅChoose one LOS per galaxy pair.

ÅPerturbative expansion for 
modeling.

ÅSuboptimal for the largest 
angles, because RSD can cancel.
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(Figure from Beutler, Castorina, Zhang 2019)



Redshift-evolution: Our past lightconeis not homogeneous.



What to do?

Back to Basics: Choose a coordinate system 
that is better suited for the fixed position of 
the observer than a Cartesian.
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Laplacian eigenfunctions: ɳὪᴆὶ ὯὪᴆὶ

Cartesian Coordinates:
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Fourier transform:
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Spherical Coordinates:
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Spherical Fourier-Bessel transform:
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SFB power spectrum
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The SFB power spectrum is ideally suited to 
deep and wide galaxy surveys

ÅNatural separation between angular and radial coordinates
ÅIndividual line of sights for each galaxy
ÅMaximal information from RSD

ÅAll wide-angle effects

ÅRedshift-evolution (e.g., growth of the non-linear power spectrum)

ÅNearly diagonal covariance matrix
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Fingers of GodPower spectrum

Redshift evolution

Scale-dependent
bias

Linear Kaiser effect

SFB power spectrum
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The SFB power spectrum ὅЉὯȟὯ
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ÅLimber distance:
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