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The 9th East Asian

rical Astrophysics Meeting (EANAM9)
September 14-18, 2020

Tenbusu Naha, Okinawa, Japan

Home Program Participant Venue Information

February 2020: Start of registration and abstract submission

Aims and _Scopg

Numerical simulations have become even more important as detailed comparisons between
thearies and observations are now possible at a deeper level in maost fields of astrophysics
The aim of this series of meetings is to bring (but not limited to) East-Asian numerical
astrophysicists together and provide chances 1o leamn each other's work and explore possible
collaborations among them. The scope of the meeting will encompass all major astronomical
research fields that involve numerical simulations, including (but not limited to) cosmology,
astronomical hydrodynamics, magnelohydrodynamics, radiative transfer, particle acceleration,
and planetary / stellar / galactic dynamics. In addition, there will also be a focus on computer
science applications directed toward astrophysics including numearncal methods, simulation

* http://hpc.imit.chiba-u.jp/eanam9/
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Cosmological simulation (dark matter only)

360 degree panoramic video for head mounted display
Is available on http://4d2u.nao.ac.jp/English/
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The smallest to the Iargest

et )
« 100Mpc~Gpc y o . j];x&mark+ 2004
- large scale structure, cosmology : | p " ‘—:p-, |
. Galactic halo (~100 Mpc)
+ galaxy formation
» dark matter detection .
e

o 1037 Msun halo

Free streaming damping

/

cutoff scale (earth mass?)

« first star, BH seed?, first galaxy

« The smallest halo (earth mass?)

 dark matter detection



Dark matter?

* Fine structure of dark matter halo
 Direct detection experiment
 Indirect detection experiment

* Connection to luminous objects
* cluster, galaxy, BH?, first star
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Solar system
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: (10-¢ solar mass?)
 Numerous subhalos (10-% ~ 1010 solar mass)
« dn/dm oc m2--18
 Where can we observe gamma-ray flux due to dark matter annihilation ?
The center of the Milky Way halo ?
Dwarf Galaxy ?

Fluxocp?2 —

Density structures of the halo &
Microhalos near Sun ? subhalos and spatial distribution
of subhalos are very important



Halo structure BREICUEERIE

e Central Cusp
e Einasto profile
e NFW profile

i = p:
p(r) ('7’/'7‘5)[1+(7’/7‘s)]2

Concentration
C=ri/Ts, MgofTs

¢ Numerous subhalo
e dn/dm ~m—(1.8~2)

e Triaxial Impact on the galaxy formation,

Dark matter detection experiment

e Non Universality

e Weak dependence on
the halo mass

¢ halo to halo variation



O bse rvati on ’7 « The central slopes of LSBs and

dwarf galaxies are around
-0.2~0
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|+ Inconsistent with simulations ?
(Core cusp problem)

« Baryonic effect ?

| l | |

* e.g., SNe feedback

1 (Governato+ 2012, Teyssier+ 2012,
Ogiya+ 2014)

0 IC 2574

O NGC 2366 ¢ DDO 53
v A METdwE « CDM Alternative?
’ 100 10 e Sometimes, referred as small
R (kpc) o . . )
scale crisis with missing
Oh+2011 satellite problem and too big

to fail problem
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Mm-c relation and boost factor

Sanchez-Conde and Prada 2014
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M

1
So far B(M) = L(M)f

Mmin

% [1+ B (m)]dm

L~ [ p2dv

large scale small scale
cluster MW 1068 Msun 106 Msun

‘ Halo density profile ‘ Extrapolation (w & w/o analytic models)

Subhalo density Extrapolation (Moline+ 2017)
profile

‘ Subhalo mass function Iﬁap_matlon—>
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Th 1S WOrk B(M) = I_ljf dan | + Bsub(m)]Lsub(m)ldm

LhOSt (M M in dm

large scale small scale
cluster MW 1068 Msun 106 Msun

‘ Halo density profile ‘ Extrapolation I \ Ishiyama 2014 ‘
Subhalo density Extrapolation :
profile Ishiyama+ 2020 ‘

Hiroshima, Ando,
‘ Subhalo mass function [;.2018 (@nalytic) | |chivama+ 2020 ‘




_ Max N = 81923 =
Resaolving the smallest scale 549,755,813,888

\ L =800 pc
E m = 3.4 x 1011 Msun

Analyze
10 ~ 102 Msun halos

» TOPSO0UZ b E#5RNO.] MR

yee . Ishiyama 2014,
| {_ " - Ishiyama, Ando 2020




Structure of halos/subhalos near the

free streaming scale (z=32)
Ishiyama and Ando, 2020, MNRAS
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. In subhalos, central slopes are considerably shallower than in
field halos

« However, they are still steeper than that of the NFW profile
« Why steeper than -1? See Ogiya and Hahn 2018



C200

Connect to large scales

Ishlyama and Ando 2020, MNRAS
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* Different m-c relation between halos and subhalos

* Intermediate scales are still missing



Stacked subhalo mass function (z=32)
Ishiyama and Ando, 2020, MNRAS

105 AT A LA PSR VR AL 24 | J5 R TR R0, AL R T AL 3 i
. 2 % 10'2 Mo —— : Solid:
$10° £ o3y 2%103 M. —=— 1 W/ cutoff
- - . | |N=81923
o 10" £ -2} - 2%10% M. —— =
o o g SIS 1 | 800pc box
g 102 n" ) "o E
0 f‘\a =
3101 i 1 |Dashed:
?c, 2y, T | |w/o cutoff
B 10 2=32 e = N=40963
10° | | S b i 1 | 400pc box
10° 10° 10" 10° 10° 10* 10°
Msyp [Mo ]

. The subhalo abundance is suppressed below the free streaming
scale, however, artificial fragmentation exists
. Weaken annihilation signals



Annihilation boost factor

Ishiyama and Ando, 2020, MNRAS

high concentration m———

low concentration

100 Moliné+ 2017 = =

SHMF
A=0.012, {=2.0

10

Boost Factor

T SHMF A=0.03, £=1.9 ‘]‘ SHMF Hiroshima+18, Ando+19
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» Steeper cusp and suppressed subhalo mass function compensate each other

« Subhalo m-c relation and the slope of subhalo mass function have more impact



Structure of the smallest halo

We study the abundance and structure of halos/subhalos near the free
streaming scale using a suite of large cosmological N-body simulations

The central cusps are much steeper than that of the NFW profile
. Becomes gradually shallower as the halo mass increases
. Shallower in subhalos than in halos

Concentrations significantly increase in subhalos (tidal effect)

The subhalo abundance is suppressed strongly below the free
streaming scale
. The ratio between in the cutoff and no cutoff simulations is well
fitted by a single correction function regardless of the host halo
mass and the redshift

The effects of steeper cusps and suppression of the subhalo abundance
could compensate each other in annihilation signals



Dark matter and
luminous objects



Cosmological N-body simulations

V2GC-H2: Ishiyama+2015
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Public simulations

Consistent

Name #particles L(Mpc/h) m (Msun/h) T Rockstar redshifts
v3GC-L 81923  1120.0  2.20 x 108 X © 20517237
v2GC-M 40963 560.0 2.20 x 108 upon request table
v2GC-S 20483 280.0 2.20 x 108 © table
v2GC-H1 20483 140.0 2.75 x 107 @ table
v2GC-H2 20483 70.0 3.44 x 10° © table

Phi-1 20483 32.0 3.28 x 10° © table
v2GC-SS 5123 70.0 2.20 x 108 © table

« Many group make their simulations publicly available because of its
computational expensiveness

« http://hpc.imit.chiba-u.jp/~ishiymtm/db.html
At least 30 papers are published/submitted from 2015



Reproducing stellar stream In
cosmological context

] Z=0.10
* Progenitors of 1.3>Zycc > 1.0

streams are accreted Nstream =57
atz=0.5-2.5

NGE1.85 "
Hu._.l s B & Andxxy 150kpc

009

And}(.\(\f@
004
AN X XV =y O Aady Vi

;. ?g AndxVil

c—

023
AndXX|'®
22

Andromeda stream by Morinaga and Ishiyama et al., 2019
HSC (Komiyama+ 2018)




Discrimination of heavy elements
originating from Pop lll stars in z=3 IGM

10—28!

| =— Model (a)
10-29} ===+ Model (b)

| === Model (c)
10-39} —-— Model (d)

| e |llustris-1 metal
10-31} Schaye+ 03

Metal density [g cm~3]

0.5 1.0 15 2.0 2.5

10g(1 + 6cen)

Kirihara, Hasegawa, Umemura, Mori, Tl, 2020

You can find poster presentation somewhere
in this room

« cosmological simulation

+

Pop Ill formation model
+

metal enrichment model

heavy elements provided by
Pop Il often dominate in
low density regions

Spectroscopic observations
with the next generation
telescopes are expected to
detect the metals imprinted
on gquasar spectra



The impact of filamentary accretion of
subhaloes on the shape and
orientation of haloes

« Haloes with highly
anisotropic accretion
become more spherical or
oblate, while haloes with

M!afu) = (05 R 5)X10—3
T T T T

09; szC-HZ

0.8 . . .
ISotropic accretion become
07| jra k more prolate or triaxial
c | . ' 0.155 é
0.6 - ‘ 0.150""
0.5

. e 0.140
0.4+
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| LA ] | |
0.4 0.5 0.6 0.

7 0.8 0.9

b/a

Morinaga and Ishiyama, arXiv:1912.11647




SFRD [M o yr~'Mpc™]

v2GC: New Numerical Galaxy Catalog

10°

« Phenomenological modelling
= luminous objects on dark halo
- merger trees

/
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* Successor of Numerical
Galaxy Catalog

-
o
4

— Model
$ reicueronon (vGC: Nagashima+2005)
% Rodighiero+ 10 (IR)
Karim+ 11(1.4 GHz) T '
. * All basic physics are
- Shirakata+ 2019 ol WM . Py

& Ouchi+ 04 (UV) |nC|Uded

0 2 4 6 8 10 . .

Redshift z  MCMC parameter fitting

Makiya+ 2016 « Luminosity functions of AGNs
Oogi+ 2016, 2017, 2019 at z<6.0 are also reproduced
Shirakata+ 2015, 2016, 2019 & ¥



Next generation mock galaxy/AGN catalogs

* Ongoing wide/deep surveys (e.g., Hyper-Suprime-Cam on Subaru
telescope, Euclid) give extremely large dataset of galaxies/AGNs

— Large numerical catalogs are needed to compare with each other
« Cosmological Hydrodynamical simulation
« Semi analytic galaxy/AGN formation model

e Survey areas are over 1Gpc

« Number density of bright y (c) NAQJ
AGNS at hlgh rEdShift ) Apparent diameter
— ~10% Mpc3 o/ 0.5 degree

Gpc scale mock catalogs !

* '.: i
%

"y

Suprime-Cam
First light Suprime-Cam Hyper Suprime-Cam
09, 2001 07,2013




i a N=12,800°3=
Uchuu simulation 2,097,152,000,000

2018,19 XC-S L =2.0Gpc/h
m = 3.27 x 108 Msun/h

Planck Cosmology

Data size
(50 snapshots):

A Raw particle : ~2PB
z=0.0 Merger tree: ~50TB

One of the largest
cosmological

Ex N-body simulation
in the world

64 X larger volume,

! 3 X better mass res,
compared to
Millennium Run
(WMAP1 cosmology)




|O error ?
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Big international collaboration based on
simulations conducted on Aterui-lI|

%Core member & data mirror i% Core member
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Project overview
(Uchuu project)

* |International collaboration across the
world

« Perform huge cosmological N-body
simulations

* Provide halo/subhalo catalogs and
mock galaxy/AGN catalogs that can
be suitable to compare with next-
generation wide/deep surveys

« HSC
Euclid
 PFS
WFIRST
« TMT
« Use several models to construct mock
catalogs
* V2GC, SAGE, and SAG

Core member

Bruno Altieri (ESAC) *

Sofia Cora (Buenos Aires) *
Darren Croton (Melbourne) *
Eric Jullo (Marseille) *
Tomoaki Ishiyama (Chiba) **
Anatoly Klypin (Virginia) *
Ben Metcalf (Bologna)

David Millan (Granada)

Taira Oogi (Tokyo)

Francisco Prada (Granada) **
Manodeep Sinha (Melbourne)
Sylvain De la Torre (Marseille)

Cristian Vega (La Serena)

and many other collaborators
** Co-PI, * core board




Scientific targets

* Thanks to large volume, we can study the formation
and evolution of a number of objects at high-z
probed by HSC and PFS

* Origin of AGNs/QSOs and co-evolution with galaxies
* Emission line galaxies and large scale structures
« Statistics of galaxy clusters and proto-clusters

« Cosmological probes including weak lensing and
galaxy surveys

« and many other



First results

halo mass function
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Data products and release schedule
« Date for DR1: April 15t, 2020

« Data products for DR1 (* partially available upon request)
* Rockstar halo/subhalo catalogs (including Vpeak, Vacc, Mpeak)

Merger trees

Random sample of particles (0.5%)

Lensing products: maps, etc

Codes for analysis

« Data for DR2: in 2020
* Mock galaxy/AGN catalogs constructed by v°GC, SAGE, and SAG

Cosmological N-body simulations databases

« Data are going to be available at
* http://skiesanduniverses.org
* http://hpc.imit.chiba-u.jp/~ishiymtm/db.html
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Grand challenge In the next era

 Solar mass resolution for MW halo

* Precise modelling of halo/subhalo structures for dark
matter detection experiments

* Impact of first stars on the evolution of Universe
« Both resolving minihalos and large scale structures

* Mock catalogs for next generation observations



Summary
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