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> 95% are dark : Test the Standard Cosmological Model
> with Large-scale Structure of the Universe




LSS: Any structure of galaxy distribution larger than galaxy clusters (>~10 Mpc)

> Over-density Structure > Under-density Structure
> Filament, Chain > Tunnel
> Wall, Pancake, Sheet > Void, Cell, Bubble
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| Cosmological Simulation
. |by Kim J. & Park C.
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> Physical properties of large-scale structure depend on
> cosmological parameters
> physics of galaxy formation

<—Strong Constraints




Gott+05

Q: Do we expect this kinds of largest-scale structures
in our standard ACDM cosmology?




Largest Structures: Cosmological Tests

* Springel+06 (see Park+90;+12;+15): Ok.

* Sheth & Diaferio 11: The Sloan Great Wall is very unusual;
Difficult (4 sigma) to reconcile with the ACDM model




SDSS vs. Horizon Run 2: Largest-scale Structures

822 goloxies
L=207 Mpc

950

Park+12

Q: Do we expect this kinds of largest-scale structures
in our standard ACDM cosmology?
A: Yes, for nearby universe (~1.3 Gyrs ago, quantitative analysis in Park+12)




History of the Universe
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THE HORIZON RUN
Kim, Park, Gott & Dubinski (2009)

hatp://astro.kias.re.kr/Horizon_Run

> Only for nearby universe where structure formation is almost complete.

> To fully understand how structure forms in the universe,
it is important to study the evolution of large-scale structure,
sensitive to dark matter and dark energy.
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HectoMAP (Geller, Hwang, Sohn+

> One of densest and complete survey of red galaxies at r<21.3 (20.5)

> HectoMAP: 600-1200 gals/deg?, BOSS: ~150 gals/deg?
> Examine the Large-scale Structure at Intermediate Redshifts (Hwang+16, ApJ, 818, 173)




HR1 HR2 HR3

HR4

WMAPS  WMAPS  WMAPS gWMAPS

0.26 0.26 0.26

0.26

0.044 0.044 0.044

> One of densest and largest

cosmological simulations o 100 ks

o T 0.7

0.044

Box size [h~*Mpc] pal | 10815
No. of grids for initial conditions X o 72100
No. of CDM particles p. 000 72107
Starting redshift
No. of global time steps
Mean particle separation [h~'Mpe]
Particle mass (10" A~"M) 00902

Minimum halo mass (30 |-.d!i| los) I:U”.'l | 2.706

Mean separation of minimum mass PSB halos [h " Mp«

108

Kim J., Park C. +15

T =11.179 Byrs ago 25 Mpc/h
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Large-scale Structures



In this Talk,

By applying the same criteria to the observations and simulations
to identity over- and under-dense large-scale features of the galaxy distribution,

> 1) Compare the Physical Properties of over- and under-dense
large scale-structures in HectoMAP and Horizon Run 4, and

> 2) Examine the Probability to find observed largest structures in the simulation.



Identification of Over-dense Large-scale Structure

Age: ~11.1 Gyrs ' T
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Richness Distribution of Over-dense LSS
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Size Distribution of Over-dense LSS
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Identification of Under-dense LSS (Voids)

Age: ~11.1 Gyrs
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Volume Distribution of Voids
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Size Distribution of Voids
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In this Talk,

> 1) Compare the Physical Properties of over- and under-dense
large scale-structures in HectoMAP and Horizon Run 4, and

> The physical properties of observed large-scale structures at intermediate redshifts
(0.22<z<0.44) are remarkably consistent with predictions of the standard ACDM model.



2) Largest Structures: HectoMAP vs. 300 Horizon Run 4 mock surveys
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In this Talk,

> 2) Examine the Probability to find observed largest structures in the simulation.

> The properties of the largest over- and under-dense structures in HectoMAP

are well within the distributions for the largest structures drawn from 300
Horizon Run 4 mock surveys.



Gott+05

Q: Do we expect this Kinds of largest-scale structures
in our standard ACDM cosmology?

>Yes, at (0.22<z<0.44. We would like to emphasize that
> Many mock surveys for a robust test
> The same criteria in identifying large-scale structures
in the observations and simulations
> Comparable samples of galaxies and halos
with the matched number densities




> Statistics for Largest-Scale Structure (over- and under-density structures)
> ACDM model is still consistent with observations at 0.22<z<0.44 (~9-11 Gyrs old)
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THE HORIZON
Kim, Park, Gott & Dyl

hatp://astro kge®e kr/'Horizon Run




