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* Measuring SFB modes

e Results: Roman-, SPHEREx-, Euclid-like



Motivation: Roman, SPHEREx, Euclid, PFS,
DESI, ...

* Galaxy surveys bridge the gap between low-redshift supernova la and
high-redshift CMB measurements. (e.g. BAO)

* Redshift-space distortions (RSD) probe the growth of structure over
cosmic time. — Tests for modified gravity.

* Large scales especially important for non-Gaussianity.



Redshift-space distortions I: Kaiser effect
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overdensities leads to increased
clustering along the line of sight

— Non-zero quadrupole!

“Pancakes of God”



shift-space distortions Il: fingers of God

Stochastic motions of galaxies lead to
6 a suppression of clustering along line-
FT of-sight direction.

— Small-scale suppression of power.
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Homogeneity and +setrepy- with Redshift-
space Distortions (RSD)

n(r) —n

5(r) =

LOS

o

5(k) = f d3r e~ kT §(7)

(5(k)6* (k") = (2m)38° (k' — k) P(®)

Isotropy

Nope: P(k,, ky) = (b+ fu®)?*P(k)




Homegeneiy and tsetrepy- with Redshift-
space Distortions (RSD)

5(7) = n(r) —n

5(k) = f d3r e~ kT §(7)

(8(k)5* (k") = (2m)36P (k' — k)P (&)

Homogeneity Isotropy

Nope: P(k,, ky) = (b+ fu®)?*P(k)

Nope: Wide angles
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Homegeneiy and tsetrepy- with Redshift-
space Distortions (RSD)

n(r) —n

5(r) =

5(k) = f d3r e~ kT §(7)

(8(k)5* (k") = (2m)36P (k' — k)P (&)

Homogeneity Isotropy

Nope: P(k,, ky) = (b+ fu®)?*P(k)

Nope: Wide angles
.0
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Yamamoto to the rescue: Great for small
angles!

* Choose one LOS per galaxy pair.

* Perturbative expansion for
modeling.

e Suboptimal for the largest
angles, because RSD can cancel.

(Figure from Beutler, Castorina, Zhang 2019)



Redshift-evolution: Our past lightcone is 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.



Laplacian eigenfunctions: V4 f () = —k*f(7)

Cartesian Coordinates: Spherical Coordinates:
F(P) = e kT f@ = jo(kr) Yom ()
Fourier transform: Spherical Fourier-Bessel transform:

5(k) = j d3r e~ kT §(7) Gom (k) = j d>r jo(kr) Yp, (7) 6(F)



SFB power spectrum

(8pm (k) 81 (k")) = 859,68 s Co(k, k")

Isotropy

Co(k, k') = 8P (k' — k) P(k)

f Homogeneity

Henry S. Grasshorn Gebhardt, JPL/Caltech



The SFB power spectrum is ideally suited to
deep and wide galaxy surveys

* Natural separation between angular and radial coordinates

* Individual line of sights for each galaxy
* Maximal information from RSD

* All wide-angle effects
* Redshift-evolution (e.g., growth of the non-linear power spectrum)

* Nearly diagonal covariance matrix




Limber’s Approximation

Power spectrum Fingers of God

\ / Redshift evolution

SFB power spectrum j

Scale-dependent
bias

Linear Kaiser effect

Henry S. Grasshorn Gebhardt, JPL/Caltech



The SFB power spectrum C,(k, k')

1000 < sy < 4000
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e Limber distance:

1
£+§ (=5 ¢ =160
T = k — ) =
102k ¢ =320 -
: ] X L1 oaoa ol L ] L1 o3 s ol ]
1073 102 10~1

kin h Mpc?
Henry S. Grasshorn Gebhardt, JPL/Caltech



The SFB power spectrum C,(k, k')

* b(z) = const

e Limber distance:
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1000 < g < 4000
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Why a new code?

* We follow Samushia (2019) to introduce boundary conditions at both

Fmin and "max Spherical Bessels of 1. and 2. kind

it I

foukir.6,9) = {@ielkr) + ¢, ye (kD)

C
x| cp Py (cos @) + cq QY (cos B)]

x-Jcy e + c_ e_““fb] :

»Numerically more stable
»We use potential boundary conditions

Henry S. Grasshorn Gebhardt, JPL/Caltech



Spherical Bessel and Neumann functions

Spherical Bessels of the 1. Kind

Spherical Bessels of the 2. Kind
L B L

= I T T T I T I
1.0 3 — FToT T T
L T i L ]
Jo(@) 0.25f .
0.8F h(@) ] : 5
Ja(x) ] 0.00 ¢ y
0.6 ]3(%) 2 E 5
. 1 —0.25} 7
. Ja(x) ] - .
8 N . i < X ]
2 0.4 s(x) 7 %—0.50_ Yo(x)
0k 1 yi(x) ]
: _0°75: y2(w) —:
0.0 = —1.00F y3(x) .
y4(£B) ]
_o0.2k ] —1.25} ys(x)
L. 1 ] ] ] ] [ N , N T
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T X
fou(k;r,0,0) = |cj je(kr) + ¢y ye(kr)|

x |ep Py (cos8) + ¢q QF (cos )]
X [c+ et 4 ¢ e_i“¢] ,
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Radial basis functions

* Boundary conditions at both

Tmin and Tpax ;;1}_
* Spherical Bessels of the second =3 ]
kind g oof 2 _

z .
. = ]

Ine(r) = Cne Jelkner) + dpeye(kner) =
;353:—0.5 -
> Orthogonal basis where the -10} ,/ .
survey is sensitive (Samushia
2 O 1 9 500 600 700 800 900 1000
) r in Mpc/h
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Basic Algorithm

Radial Bessel transform with individual galaxies (Leistedt et al 2012)
Spherical harmonic transform with HEALPix (Gorski et al 2005)
Pseudo-SFB power spectrum bandpowers with window corrections

(Hivon et al 2002)

obs
Z 571,6 m

T

~obs __ 1
inn Y 1

4. Subtract shot noise

50b51$

n'fm

Poin = D00 A~ Mpe, rpax = 1000 A~ Mpe
L B S B S B B S B B B B B S B R B B S B B

Ajnlm{ - 03 h_. I\-‘ipc_l
kmax = 0.2 h 1\-"11)(?,_1
kmax = 0.1 h 1\-"11)(?,_1

€



Covariance matrix V

VA4 from simulations X V' analytically X
0_ ".'.l.;"'l""l""l"'— 1.5 x 10° (]l..-..|||— 1.5 x 10°
4.2 x 107 3.4 x 107
10 5 1 9 ‘
0| 19 % 107 | 17.6 x 100
w0 | ‘ W i .
IS} L _ 6 15 L _ 6
-,220-_ i 3.1 x10 EQO_ b 1.6 x 10
o 0.0 | 100
S 30 LN 1 | 1-31x 109 = 30T 1 | {16 x 109
: 1 H-12x107 : 1 [4-76x 10°
40 = 40 =
' o - —4.2 % 107 i ..'-. ] B -34x107
e o e L I WV 11 o 0 B 508
0 10 20 30 40 0 10 20 30 40
(fnn’) index (fnn’) index
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Full window deconvolution requires modes
above K.,

~obs LNN' AA
Cfn'n," _ Z ann’ OLNN'
LNN’

Observed modes contributing to kyy ~ 0.05h/Mpc Kne > Kiarge contribution to kyp
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Examples: Roman-, SPHEREXx-, Euclid-like

Redshift 2 Redshift » Redshift 2
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Roman-like SPHEREx-like Euclid-like
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Summary & Conclusion :
* SFB is theoretically optimal for Tl

deep and wide surveys |

* Boundary conditions at 7, and

0.5

max Make SFB analysis more - :
numerically stable % _

U
SuperFaB is feasible for large R
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* Future: :
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