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Introduction

Motivation: demanding a fast algorithm of cosmic
statistics to tackle extremely large data sets from
ongoing/upcoming galaxy surveys and numerical
simulations.

Clustering Statistics in Cosmology

v

Counting the Number of Objects

HOW Quickly ?




What’s

yp--speed /Vultir-solution cosmic Statistics
- An open-source, massively parallel & GPU accelerated

Python toolkit for cosmic statistics
. N, log N, Algorithm, independent of number of

sampling points (Ng : Grid Number )

- Making a unified scheme for all variants of clustering
statistical measures *
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Modeling Spatial Point Processes

N
1=1

Weight {w;, 1 = 1....N}

- window (selection) function in galaxy surveys

- some markers related to the intrinsic properties of galaxies
- environment variables (local density, cosmic-web type ...)

- velocity components, etc.
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Reconstruction - From Point Processes To Continuous Fields

n(x) = nj(x) = Y eadj(x)




The Galaxy-Reckoner
Arithmetic: Count-in-Cell =——p  Algebra: Window Function
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The Galaxy Reckoner - A Fast Algorithm
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Independent of Number of Particles & Geometry of Count-in-Cell



Amplityde

Axial Symmetric Filters

Gaussian Filter

Gravitational Potential

Gaussian High-Pass



Count-in-Cell: Numerical Tests
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CPU Time (s)
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Two-Point Correlation Function
- An Alternative View From Ex-situ to In-situ

Ex-Situ View:

E(R) = (0(x)0(x + R))ag

5r(%) = (3(x + R))a, = W(x, R) 0 5(x)

Translational Field l

In-Situ View:

§(R) = (0(x)dr(x))

Binning via Finite Spherical Shell
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Yue et.al 2024 1n prep.
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Wr,Ar(X)



Quantifying the Binning Effect

G0 k*dk
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The Relation between 2PCF with and without Binning
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Fast Pair-Counting Algorithm from In-situ View

DD = (n(x),ny(x)) = %/n(x)nw(x)d‘g’x
n(x) = ) engji(x) nw(x) = Y  €n¢;1(x)

The orthogonality of basis functions l € =Wpg-e

Real Space DD =) epéj=c-¢é O(N, log N,)
l Parseval’s theorem

Wavenumber Space DD =¢€:-€ = Z Wk|€k|2 O(N,)
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Pair-Counting without Counting



Numerical Tests
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Numerical Tests

Quijote Simulation
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Filtered Three-Point Correlation Function
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Measuring Three-Point Correlation Function in Halos
e Quijote Halo: 406793 halos

e« Hermes Brute Force Calculation: triangles on halos + 471'7‘S2RI7L spatial rotation + 256° grid
(J=8) + Daubechies 4 scaling function

N
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Szapudi & Szalay Estimator: &y = —~ = ~
) Hizl Ri R

* Computing Server: Intel 128 Cores 1.8 seconds for one data point
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Measuring Three-Point Correlation Function in DM
«-MDPL2 DM : 2.8 X 10° (0.05%) Particles

. Hermes Brute Force Calculation: 10’ randomly placed triangles + ~ 10° spatial rotation +
1024° grid (J=10) + Daubechies 4 scaling function

Hi'\il (D; = R;) _ (D —R)"
Hl lR RY

e Computing Server: Intel 128 Cores 5 minutes for one data point

Szapudi & Szalay Estimator: ch = (r12,7m13) = (20, 40)h_1MPC

—— Theory:R=1.0Mpc/h o 5] — Theory:R=5.0Mpc/h R4 5] — Theory:R=8.0Mpc/h
1 @ Hermes 7 ® Hermes e ® Hermes
—-=—=without binning effect —==_without binning effect ,/’ o —-==without binning effect

0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175



Summary

yp--speed /Vultir-solution cosmic Statistics

- An open-source, massively parallel & GPU accelerated
Python toolkit for cosmic statistics

* Ng log Ng Algorithm, independent of number of
sampling points

- Making a unified scheme for all variants of clustering
statistical measures

Hermes v1.0 will be publicly available on July 2024
Thank You!



