F'IFl-based estimators for line-of-sight dependent
intrinsic alignment signals

Toshiki Kurita
The University of Tokyo/Kavli IPMU

in collaboration with Masahiro Takada (Kavli IPMU)

Galaxy shape statistics and Cosmology (YITP) 2021/11/29-12/3



Intrinsic Alignments

+ Intrinsic Alignments (IA)
= Correlation between intrinsic galaxy /halo shapes and LSS

— Extract cosmological information from IA signals

<+ (Observables

= projected galaxy shapes (ellipticity y;, 7,)

I (x) Yi5(X) = Pijroa(X) i (x)

projected shape projection tensor

(observables)

<+ Theoretical Forecasts

+ Standard cosmological parameters
(Taruya&Okumura20, Okumura&Taruya21)

+ Anisotropic primordial non-Gaussianity
(Schmidt+15, Kogai+18, +21, Akitsu+21)
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Measurements of |A PS (previous works)

N-body halos: Kurita+20
[lustrisTNG galaxy: Shi+21a, +21b

3d shape measurement
- 1nertia tensor |_jj

I; = Z w(r,)x, xJ
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Measurements of |A PS (previous works)

N-body halos: Kurita+20
[lustrisTNG galaxy: Shi+21a, +21b

Observable = 2d shape
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Measurements of |A PS (previous works)

N-body halos: Kurita+20

= denSIty & Shape ﬁeldS [lustrisTNG galaxy: Shi+21a, +21b

; : { 5m(X)9 5h(X)9 }/1 (X)a yZ(X) }
5(x) 4 7(x)

- FFT

$ E /B decomposition

Ek) = Vl(k)COS 2¢k -+ }/Z(k)sin 2¢k ‘ k,
B(k) = 7,(K)sin2¢ — py(K)cos 2¢ ¢, /"

- 1A Power Spectra

e.g.
PU®K) = 20+ 1) [ A4 B8 (Lol )

global LOS

We call this type of estimators as Global plane-parallel (GPP) estimators.



Measurements of |A PS (previous works)

2=0484 | lusitar20
My = [1012,1012-5] h=tMx-{ |axy: Shi+21a, +21b

- densit

2 T/
- 1A Poy k [AMpc ]
e.g.
POk = (20 + 1) / 40 E(k)5* (k) Lo(k - )

global LOS



Measurements of |A PS (previous works)

+ Previous works (summary):
+ Measurements from simulation data (N-body halos: Kurita+20, [llustrisTNG galaxy: Shi+21a, +21b)

+ Global plane-parallel (GPP) approximation

+ To obtain y(x), we performed the projection with global line-of sight n (=const.)
+ After the projection, we measured IA PS using GPP estimator

+ Problems:
+ Different LOSs are need to be considered in a wide-angle survey.
+ — GPP estimator might not work.

global LOS
3
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Previous simulation-based studies Realistic observations



Measurements from realistic surveys

+ Purpose of this study:
+ develop IA estimator available for realistic wide-angle surveys.

+ Hints:
+ The same problem occurs in the case of clustering power spectrum.
+ due to the Redshift-Space Distortions (RSD)

+ Yamamoto estimator (Yamamoto+06) resolves the problem, and has been used in the (also latest)
BOSS clustering analysis.

+ In this work, we extend Yamamoto estimator to the case of Intrinsic Alignment signals.




Clustering estimator (review)

+ Global plane-parallel (GPP) estimator:

PO (k) = (20 + )/dﬂ 5(k)o* (k) Le(k - )

= (2041 /dQ /dx/dx5 e = e

global LOS

hir ]

local LOS

local LOS

) = 'S(fr?f E)_

global LOS

<+ GPP estimator is valid for a small-
angle surveys.

<+ GPP estimator is NOT valid for a
wide-angle surveys like SDSS.

€<X7 Xl) = g(rv r _):(_b_)

local LOS

<+ => We need a Local PP estimator.

Observer



Clustering estimator (review)

+ Yamamoto estimator (LPP estimator): Yamamoto+06
PO(k) = (20 +1) /dQ /dx/dx5 e =
Replace X, with X
2€+1/dQ /dx/dx5 el (k. )) e

Bianchi+15
Scoccimarro 15

= (20+1) / dQ [ / dxé(x)eik'xﬁg(f{-f{)] [ / dx’a(x’)e“k*’} Hand+18

—=HET —+HHT

e.g. . 1 1 .-"':
& Lok %) = g(k 22 > = 3@Z@Jk k; 5 "'::X/
/dx5( 1 Eofk e i [ dx5 >l e kx] l%zl%] j

—FFT
Observer

+ PS measurements for a wide-angle survey can be done with FFT-based numerical

implementations.




2pt Statistics of Shapes

+ Density-Shape Cross-Statistics

+ Complex expression: XTI =z )

+ Coordinate-independent 2pt CF:

£’75(1‘) = </7rot(X§X/)5(X/)> = <7(X)5(X’)>6—2’i¢f~,ﬁ

(2D rotation) ; /

+ Independent modes in Fourier space: X
E(k) + iB(k) = v(k)e 2“ka

+ Coordinate-independent IA PS:

(271')35% (k — k/)P,Y(; (k) = <fy(k)5* (k)>e_2i¢f<,ﬁ Observer

. Pgs + i Pps

<« Relation between PS and CF:

Pys(k) = / dr &,5(r)e2i0.n 2850 g~k

e /dX/dX’ ~(x)8(x)e Pk .n ek (X=X



L.PP estimator for A (this work]

F /dX/dX’ v(x)d(x) e—%d’ﬁ,ﬁe_ik'(x_xl)

Define multipoles & Replace n with X,

e (2| /dQ /dx/dx v(x T B e

+ Initial guess:

+ Replace X, with X to obtain a FFT-based impl.

= / Sy, [ / dxv(x)eZi%e—’ik"‘ﬁe(k-&)l [ / dx’cs(x’)e+ik-x’]

 polarization tensor

o 2)( Vkik;

€—2i¢1;,5c e ’L]
1— (k-%)2

P(e) ~ (20 + 1 /dQ /dx/dx v(x Je ek =) g @ o)

' ’Lk-x:| kz k]

non-separable due to the denominator



L.PP estimator for A (this work]

+ Replace (usual) Legendre polynomial with associated Legendre polynomial (m=2):

S 2

e

ol

£P=(p) = (1~ pA)(Tp? ~ 1)

+ Finally, our LPP estimator:

Pv(?(k) = (2€+1)E§;§§: /ko/dX/dX' Sc)olxer e a e e e
(5_2)! —21¢p . —ikx pm=2/(1. 2 / N +ik-x’
~ (20 + 1) (5 2) /dﬂf{ [/ dxvy(x)e “"Pkxe L) itk X)] [/ dx'6(x")e ]
el A fFFT
v = [ / dxy(x)ei; ) (%) ?_ e QZk'X} kik;
e (%) ki, e !

Uk

We obtain an estimator to measure P}f(’:;)( k) given observable fields, y(X). 0(X).



Validation Tests I: methods

+ Measure [A power spectrum in hypothetical observations using simulation box.

~ - FFT
/N
o Lo A In this work, we assume T}(X) as
o (X) o PZ] 4 (X)Tkl (X) an original galaxy shape ﬁéld for
projected shape projection simplicity.
(observables)

—> observables: 0, (X), y(X)



Validation Tests I: methods

+ We validate our estimator using hypothetical observations with three different
configurations.

+ BOSS-like geometry (gray regions)

(a) local LOS (b) AgIobaI LOS (c) AgIobaI LOS
local LOS
0] 0]
o . . Distant obs. approx.
Projection Observation-like Observation-like

(P X)) > P ijkz(ﬁ)>

Estimator Local PP Global PP Global PP
(this work)



Validation Tests I: results

(a) local LOS (b) global LOS (c) global LOS
local LOS
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+ We can obtain desirable signals in Case (a) using LPP estimator.

+ On the other hand, GPP estimator causes bias in measured signals as in Case (b).




Vahdation Tests 11: window convolution

+ Comparing the measurements with the window-convolved theory.

+ Direct calculation of window convolution is very massive.
+ In this work, we also derived a window convolution scheme for IA using the pair counting method
(Wilson+2015) introduced for galaxy clustering analysis.

hankel convolution hankel /
P’75 } 675 ? 6’76 ® Q ~6
back
'_ Q()

1.0

For matter auto-power: — sl
| 2 3

WwWin .
PYn (k) = dn / r2dr Go(kr)E(r)Qo(r)
—0.5 .
: 10Y 10! 102 10°
For matter-tidal cross: r [~ "Mpc]

Rz (k) = 4 [ 2dr (k)€ H@o(r) — £ Qa(r) + 57 Qu(r))

newly derived in this work



Vahdation Tests 11: window convolution

For matte

B

For matte

-----
- -~
- ~

errorbars:
BOSS-like volume
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PEin (k) = 4n / Pdr ja(kr)E(r){Qo(r) — 2@2(r) + 5-Qu(r)}

newly derived in this work




Summary

+ We developed a Local PP estimator for IA power spectrum.

+ Available for wide-angle surveys
+ FFT-based implementation (similar to clustering estimator)

+ We validated the estimator with hypothetical observations.

<+ No measurement bias unlike in the case of (conventional) Global PP estimator
+ Measurements are consistent with theoretical predictions after appropriate window convolutions.
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+  We can also naturally compute the windowed IA power with spin-2 f_nl IC.



