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N-Point Correlation Functions (NPCFs)
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Background and Motivation

|

Covariance Matrix

@~

N

Obtained from mock catalogs\

Challenge: high
dimensionality of observables
Need several mocks per
degree of freedom for
smoothly invertible matrix
Gaussian random field (GRF)
limit

e Analytic covariance based on

leading order result /

Power Spectrum P(k)

Traces clustering of matter as
a function of scale

Fourier transform of 2PCF
Analytic covariance requires
integrals of P(k)

Analytic solution to integrals
allows for better

understanding of the

structure of the covariance /




Outline for Determining Analytic Covariance Matrices
a N a N

Numerically determine
Model power spectrum ‘ covariange of 2PCF

!

Evaluate integrals to obtain _ Use P(k) model in analytic
analytic covariance covariance template
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A Model for the Power Spectrum

Model: P(k) = & + %

k
A =509 Mpc?, n =3 x 10~* Mpc—3
True P(k) from CAMB
Planck 2018: Hy = 67.36 km s~! Mpc™!, Qyh? = 0.02237, Q.h* = 0.1200, n, = 0.9649

Power Spectrum with Shot Noise
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A Model for the Power Spectrum

e Covariance requires integrating P(k) against k2 dk
o 4 (lnk)=1 — k*dk=k?®d(Ink)
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Half-Inverse Test

e Data weighted by inverse covariance

e Half-inverse test: 1/2 —1/92
‘S oc/ielc’true 4 _]1‘

model

e Numerically determine 2PCF covariance from model and true power spectra:

Cij = 2 [ 54 Aji (ki) A (k) P (k)

2 . 2 .
: N — 3 ri2J1(kri2) =331 (kri1)
Ajy(kr;) = ("”?2—”‘?1) v Xu et al. 2012

e Separations from 0 Mpc to 200 Mpc, bin width = 10 Mpc, V = 2 cubic Gpc



Half-Inverse Test
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(d) 7 =3 x 1073 Mpc™—3, RMS = 9.76%
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(b) 2 =3 x 10~* Mpc™3, RMS = 5.43%
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(e) i =10"2 Mpc~3, RMS = 10.5%
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(f) 7 = co Mpc™3, RMS = 10.8% 8




Analytic Covariance Matrix for 2PCF

Cov(r,r") = é/
0

P(k) =

oo 7,2 y
k dk JO(kT)JO(kT/)P2(k) Xu et al. 2012

é
B

§l|+—l

1 [ A\? 24 1
Cov(r,r") = v k*dk jo(kr)jo(kr') [(k) + — + =
0

1 A? 2A
COV(T, 'r/) — [ﬂ- T+ —tanh (r ) == T 55] (’r — T,)]
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Analytic Covariance Matrix for 3PCF

e Legendre basis (Slepian and Eisenstein 2015)

e Isotropic basis:

AN
Covy g (r1,72;77,75) = (4m)° Z V(20 +1)(20 +1)(20" +1) (O 0 O)

el/

+&(8)fe,0r 0 (11,79, S

§(8) fo,or,0m (1,71, 8) foor 0 (72,73, 5)

o082d8 VZA
X/O v {(_1) _

foor o (2,771, 8)]

(=12 [fo,e',e' (0,71,5) fe,0,6(r1,0,8) fe,0r 0 (12,75, 8)
+ fO,E’,E’ (0’ 7"1, S)fﬁ,ﬁ’,f” (T17 ’réa s)fE,O,E(T% 0) 8)
+ fo,er.0(0,75, 8) fe.0.6(r1,0,8) fo.er 0 (12,77, 8)

+ fo,er,0 (0,75, 8) fe.er 0 (71,71, S) fe,0,e(r2, 0, 8)] }




2PCF From P(k) Model

e 2PCF is the inverse Fourier transform of the power spectrum

6) = | Gz PWin(ks)
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$s) = 2772 82 T 4 s? o ()




f-Integrals

foor o (73,

r5,8) = /oo K-k
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e Two cases needed for covariance of 3PCF: fo,¢.¢(0,7;,5) and fe,er e (13,75, )

e First case: for0(0.7; 8)_/0" k2dk
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Hou et al. 2021
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f-Integrals .
> k4dk

e Second case: foe o (13,75, 8) E/ P(k)je(krs)je (kr’)jer (ks)
0

J? 271'2

©kdk (A 1) . , ,
fe,or 00 (73, "“3-, §) = / o2 (E + %> Je(kri)ﬂ’(k"“;)%”(ks)
0

e Define two new integrals:

L (s, 7, 8) = /O kdk jo(kr:)je (kr)jer (ks)

185l g g) = /O K2dk jo(kri)jo (k) jer (ks)

e Rewrite fintegral as

1 i 1
, . [3,lin] / [3,quad] /
foor e (riyr5,8) = 272 Alyy g (135775, 8) + %IM’,E” (73,75, 5)
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f-Integrals
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4PCF
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Analytic Covariance Matrix for 4PCF: Case |

bc1 flg2 Las

gcj)\’I(RR) — (47t) Z( 1)2(A)(1 Hel/ Z DL1L2L36(§/010L2L3 ell EIZ eé’)

LiLoL3

Ly, Ly Ls

52
L~ 4B 24P Lz liLy ds
xH{(—l)( ci—bitLa/ Deie;Licogo

=1

g(s)flc;,E’L (TG’M rza S)H

Hou et al. 2021

16



Analytic Covariance Matrix for 4PCF: Case Il
1 Loz fLas
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Summary

|

Completed Work

Future Work

-

Accurately modeled P(k)
Numerically determined
covariance of 2PCF
Determined analytic

covariance of 2PCF from P(k)

U &

model

Yy

Finish solving f-integrals
Determine analytic
covariance of 3PCF and
4PCF from P(k) model
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