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Cosmological Information in LSS Surveys

@ Standard power spectrum extracts a small fraction of the available
information from LSS surveys, unlike for CMB

@ Good news: many (x k3) high k modes are available even for
smaller deep surveys

@ Bad news: high k’s in P(k) don’t contain information: information
plateau due to the tri-spectrum, beat coupling (BC) and integral
constraint (IC; super survey modes)
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Summary of plateaux
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Forcasting the plateaux
Repp Etal 2015

107

— Gaussian

— Non-Gaussian

-- .003 (Sloan Main)
10° 7=0.0003 (BOSS)

Fisher Information
oo
ESLS

-
2

-
B3

Ts

Istvan Szapudi (IfA, Hawaii)

0.1
Ky [h Mpc™1]

Indicator Spectra

12N Ge



Cosmological Information in LSS Surveys

@ Standard power spectrum extracts a small fraction of the available
information from LSS surveys, unlike for CMB

@ Good news: many (x k3) high k modes are available even for
smaller deep surveys

@ Bad news: high k’s in P(k) don’t contain information: information
plateau due to the tri-spectrum, beat coupling (BC) and integral
constraint (IC; super survey modes)

@ Silver lining: BC and IC cancel to 10% accuracy

@ Standard solution: add higher order statistics: single or multi-point
moments

@ Worst news: higher moments contain a small fraction of available
information, usually at high computational cost

@ Sufficient statistics, density pdf, and indicator functions
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Logarithmic mapping
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Sufficient Statistics: All Information on a Parameter
Carron & Szapudi (2013 MNRAS 434, 2961; 2014, MNRAS 439, L11)
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Optimal statistic:
extracts all information.

/6—>In(1+6)\

Recovers the linear Gaussianises the
density : predictive field : good statistical
power. < > behavior.

G. init. conditions

This follows from n ~ —1, and Gaussian initial conditions.
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Info. in the Millenium simulation density field
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Precision Prediction for the Log Power Spectrum
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PDF

The density pdf breaks the degeneracy between og and bias (Repp &
Szapudi 2018, 2020)
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Repp & Szapudi (2022)

1 xeB
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5(x) {0 otherwise

Density Field Five Indicator Functions
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Lognormal theory
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. — (1,22 p*2)
PI(k):<U>2P11n2(k)+ (1 ; >) Pl1n4(k), (1)
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—— First-order prediction
——=- Second-order prediction
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Effective bias: P7(k)/Pjin(k)
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Models for the spectra

Linear model:

Pr(k) = g ¢

Uhn

C—5V<P(13) 1- <y>§).

C: the variance is constrained.
Extended model:

2P11n(k)

lin

Pz(k) = (v)5 +DK"+ C
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Covariance matrix theory
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1.95h~1-Mpc Cells
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Summary: Indicator Spectra

@ Indicator functions repackage and slice information in an intuitive
fashion

@ Traditional power spectra, sufficient statistics (log-mapping) and
PDFs can be reconstructed from IS

@ IS extract more information than P(k) with the same code and
modest resources

@ We have an precise theory to predict the full set of IS

@ Linear theory accuracy is k-dependent

@ For "optimal levels" valid up to kK ~ 0.3 from ~ 0.1

@ We can predict covariance matrices for density PDFs

@ Covariance matrices of power spectra are more diagonal

@ The seperation of density levels will help understanding bias and
redshift distortions.

@ Future: MCMC parameter estimation
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	Sufficient Statistics a.k.a. log transform

