New galaxy formation
simulations

NewHorizon2 & YZICS2

Sukyoung K. Yi @ RUM2021
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“Horizon-AGN

NewWHOrizon (pubois et al. 2021, A&A)

- Cosmological zoom-in simulation
- 10 Mpc radius sphere ( 200 galaxies > 10%9 Mg )

- Resolution: dx > 35pc, dm~104, dm_DM~106

- Computing: 80 Mhr reaching z=0.17
New Horizon
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NGC 891

http://www.caelumobservatory.com/obs/n891.html
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Issues of NH
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Issues of NH

BH rarely settles down
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Issues of NH

Ms/MHaio toO high

BH rarely settles down

No resolution test

No chemical/elemental evolution
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Basic information

Parameter NH Description

Minimum spatial resolution ~39pC ~/70pcC Initial grid resolution is same

Total mass within the zoom-in region (Msol) 1.31E14 1.43E14 Zoom-in region re-selected to
economically include galaxies
that were previously

Initial Shape of zoome-in region Sphere Convex hull contaminated.

Particle mass (Msol) 1.3E6 (DM), 1E4 (star) 1.3E6 (DM), 2E4 (star)

Number of particles 136M (DM), 350M(star) 138M (DM), 85M?(star) ?estimated

Tracers per cell 1 0.5 g/clzohr;tr?]-eCarlo tracer particle

Cosmology WMAP7 WMAP7

Number of MPI domains 4800 480 8 threads (Ramses_yOMP)

Number of cores at parallel job 4800 3840 ?estimated, note that Xeon phi

cores are ~3x slower than
Total core hours 40M (80M) ~20M? (Xeon phi) conventional processors




Parameter

Sub-grid physics (SMBH)

Description

Quasar mode feedback efficiency

AGN-heated bubble size

BH Seed mass

Formation density threshold (gas)

Formation density threshold (star)

Formation sigma threshold (star)

Max. acceleration from gas
dynamical friction

Drag boost power factor from particle

Accretion boost power factor

dx
Mso
H/cc
H/cc
km/s

km/s/Myr

0.15

1 (35pc)
104

10

10

0.05 For better match with M-sigma relation
2 (140pc) To increase the energy that can be released in single step

105 For better settling of BH at initial formation stage

50

100 BH can only be formed in galaxies that has grown enough — prevents the formation
of BHs in transient SF clumps

50

100 Prevents BHs being kicked out from the center due to SN wind

o Same scheme with the gas drag boost; to take account the strong drag force from
particles that cannot be resolved in the simulation (e.g., nuclear star cluster)

0 Does not need anymore since particle drag boost already successfully fixes the BH
motion at the galaxy center




Sub-grid physics (stellar feedback)

Parameter Description
SN Il feedback
efficiency? (1E51 erg) / Msol 0.0311 0.045 SNII_freq = eta_sn/M_SNI|
Stellar Wind Off On From Starburst99 table
SN la DTD amplitude? (yr * 1010 Msol)-1 - 2.85 % 10-3 Scales the frequency of Type la supernova
Chemical elements Metal Metal + 8 elements D (He) CN O Si S Mg Fe
9 < log(M« /| M) < 9.5
0.8 — e
Refinement at a=0.1, 0.2, 0.4, 0.8: Discrete => Smooth cF,Idp
0.7 ——  Cluster
- 0 HAGN
; 0.5 -
s 0.4
(n
L 0.3
0.2
0.1
0.0

'Age of Univ. [Gyr]'
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NH2 vs NH: morpholoc

NH2 log M. = 10.553
SFR:oomyr = 27.108
M, = 21.680

.

Contam = 0.000 DOffset= 119,203 kpc

NH2

vH

contam = 0.000

NH

jog M+ = 10.6€97
SFRlCQm.’- = 4633
My— 20.602

NH2 g M. = 10.238
S:R'.(_‘.'\:,',(,w = 4391

M,= 20.709

Contam = C.000 Offset = 55.286 kpc¢

H

contam = 0.000

logM. = 10614
SFRygomyr = 4.032
< M,= 20750

Match by DM halo position and mass

z=0.45

log M. = 10.642
SFRl‘_H:‘,'I,.v = 2.458

ontam = 0,000 Offsat = 126.716 kpc

ontam = 0.000

log M. = 10.675
SFR;[:.‘_M'-‘- = 0.647
M,— 19.094

Contam = 0.000

logM. =9.732
SFRioamyr = 1.801
M,= 19.087

Offset = 121.579 kpc

log M. = 10.110
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M,=— 20.1714

contam = 0,000

lo§ M. = 10.161
SFRyoomyr = 2.075

M,=-19.736

Contam = 0,000 Offset = 70,649 kpc

contam = 0.000

log M. = 10.243
SFR;00my- = 1.759
M.=-19.683

NH2 log M. = 9.527
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M,=-17.260

Contam = C,000 Offset = 127.645 kpc

H
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H
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Contam = 0.000 Dffset = 113424 kpc

NH

—ontam = 0.000

log M. = 9,570

M,=-17.251

NH2 log M. = 9,572
S:R‘_n:;,‘.r,u = 0185

M,=-17.449

Contam = C.000 Offsat = 87.290 kpc

{H

ontam = 0.000

log M. = 9599
EFR'_“A;,'. w o= 0.148

M,=-17.380

H2 log M. = 9,767
SFRyoouyr = 1.224

M,=-19.236

antam = 0.000 Offsat = 139 560 kpc

H

ontam = 0.000

logM. = 9918
SFR}I_)(“.‘\V = 0818

M,=-18.880

NH2

Contam = 0.000

logM. =9553
SFR“(,)M,/ = 0608

M,=-18.410

Offset = 44 184 kpc

NH log M. =9.801
SFRyoomyr = 0.565

M,=-18.710

tontam = 0.000




NH vs NH2

SF main sequence at z=0.45
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— SDSS z = 0 (Peng+ 2010)
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NH vs NH2

Ms/Mhnaio sSmall reduction

-0.5
z=0.45 .
~1.0 - .
~1.5 - .
£ -2.0-
< R
= AL E,
D —2.5 41 T AN
— - a0
=3.0 - 19 e B NH (z = 0.45)
.-e.'{.‘ 8 S0y J/ ---- NH2 (z = 0.45)
-i:‘f_{),f / —--- YZ2 (z = 3.79)
—3.5 A .!:'...,o.',’o —— Behroozi+ 2013 (z = 0.45)
Y —— Behroozi+ 2013 (z = 0)
,/‘° — == Moster+ 2010 (z = 0)
—4.0 T ll T T T T T
90 95 100 105 110 115 120 125

Log Mpy [Msol]




NH vs NH2

BH centering, No improvement!?
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Venn et al. 2004

Thin
Thick
Retrograde
O dSph

[Fe/H]

[Fe/H]

[Fe/H]



YZICS (cluster simulation)

« RAMSES-HAGN
* 16 clusters in 200Mpc/h
* M2oo: 13.5 <log M/Me < 15.0

e Ms ~ 4x10° Mo
 dx > 1 kpc (3000 ly)

=y a 8
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Halo merger history (YZICS) & % b0
credit: San Han AV A e



Jung et al. 2018, ApdJ, 865, 156

Ram pressure stripping

YZiCS galaxies
Green dots: Stars
Contours: cold gas

Log Pram/ks [cm—3 K] ~5.4 Log Pram/ke [cm—3 K] ~ 4.6 Log Pram/ks [cm—3 K] ~ 3.7
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~ Jellyfish £SO 187-004 (ESA/NASA)

YZiCS2

Higher resolution
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Prospect

H2 to be completed (1/2022
ZiICS2 to be continued

amses-yOMP
elociraptor: halo/galaxy detection
KIRT mocks (also, JK’s mocks




