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e To understand complex physical processes related to

various cosmic probs (BAO., RSD., Weak lensing

and etc.)

e To meet the requirement of accurate Cosmology

(19%)

selection effects, systematic uncertainties,

statistic uncertainties

Simulations are crucial for modern cosmology
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Next generation of large scale structure surveys

further, fainter

Sky coverage Wavelength
Name
(degree) (nm)
CSST 17,500 255-1000
LSST 18,000 320-1050
-92
EUCLID 15,000 >20-920
1000-2000
DESI 14,000 360-980

Cosmic probs: BAO(boxsize > 2Gpc), RSD., Weak lensing and etc.
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Cosmological simulations

Large box: > 2Gcp/h
High resolution: <3.8d10Msun

Hyper-Millennium



Hyper-Millennium

Large volume + high resolution (z = 20 —0, 100 snapshots)

(x| 0.6889 ;
0 | 00490
08 0.8102 . g

Li et al. In prep

Largest N-body cosmological simulation in the world.

Volume is 125 times the Millennium simulation and the resolution is higher by a tactor of 3
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® PM - Long range force

® FMM- short range force

* 4000 Computing nodes
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FFT: pencil decompostion

Wang et al. 2019; 2022



Current status

2500, A= Mpe

e Main body: dark matter
particle from z = 127-0, Q
FOF

e post-processes: subhalo

o v s (SUBFIND), merger tree
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Hyper-Millennium: Power spectrum and the halo mass functions

z=20.4

z=15.7 .
z=11.5 — =
z=7.37 " *
z=3.96 —*
z=1.54
z=0.00 + =
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Li et al. in prep



A series of cosmological simulations of LCDM

Planck 2018 Cosmology

Name LbOX Mp N snapnums code
Mpc/h]  [1d8Msun/h] P P
Hlyper- 2500 3.2 16128’ 100 PhontoNs
Millennium
Jiutian-1Gpc 1000 3.7 61443 128 Gadget
Jiutian-300M 300 0.1 61443 128 Gadget
33;65;129;
- E ; ; 3 ) ) y
Hyper-test 125 3.7 768 257-513 Gadget




Mind the gap: from “Dark” to “Bright”

Dark Matter




Simple model:
match the halo growth rate to SFR
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Abundance of high-z luminous galaxies in the JWST era
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Preliminary

COSMIC VARIANCE

—-24

=22

Muyv

-20

-18

—24

sub box 50Mpc each sided

e = 0.05

Pei et al. in prep

The blue solid line represents
the UVLF of the entire box, while
the grey solid line corresponds
to the UVLF of each individual
sub-box. We stress highest 10
sub-boxes UVLF by black lines
to show the most extremely
case in each redshift.



Semi-analytical galaxy formation models
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mEE HiERE L ]

GallD inté4 EZRID
HalolD int64 BEZERNFIEZHhalold
FirstProgGal inté4 ZERNENMAKERMgalaxyld, 2R lastProgenitorld > galaxyld, Mfygalaxyld+1, &NF-1,
NextProgGal int64 ZERT—THMERID
LastProgGal int64 ZERRE—TESEERID
FOFCentralGal int64 1ZE R FTTEFOFEIM L2 RHYID
CentralGal int64 ZERNHSHOLERNID
FileTreeNr int64 BEZERANERHSRNK—&FS o [ )
DescendantGal int64 ZEREHENPHNERERNID
Semi-analytic galaxy catalogs
TreeRootld int64 BEZERNHAWIIRTT RERNID
SubID int64 BERERNFESHID
MMSubID inté4 BEZERNFOFFH LM FRESHIID
PeanoKey int32 1Z 2 ZFTTERI256/ 3% S eiPeano-HilbertZR5]
Redshift float32 5snapnum33 RIA9£175
Type int32 TRMRERZ T AFOFAHL (type=0) , IFFOFHFRLKIFRERFL (type=1) , WEREFHENIE (type
SnapNum int32 ZE R FIRBIR I RBRS .
LookBackTimeToSnap float32 Mz=0%Ii% 2 R LI FEH I EE 8]
CentralMvir float32 10710 Msun/h ZERFIEFOFAIMHLERIEERE
CentralRvir float32 Mpc/h ZE ZFIEFOFEINAPILERHHEZ
DistanceToCentralGal ('<f4', (3,)) Mpc/h ZERSHFOFRHRILERZ BIEE
Pos ('<f4', 3,) Mpc/h BERNUE
Vel (<f4', (3) km/s ERIEE
Len int32 BEZERANTRERMNTHE
Mvir float32 10710 Msun/h HiZE ARG Ntype=0K BN HFFEFOFRIMN AR RE. u u ] E
Rvir float32 Mpc/h HiZE AR5 Ntype=0LEI EFFEFOFRFII4E B F12 . [ |
Vvir float32 km/s HiZE ARG Ntype=0L BN ELFEFOFRAIMAREE , I m u a e g a aXI e S p ro p e r I e S ]
Vmax float32 km/s ERTHEENREAIERE . Starformlng Casel’ Z~1’ I\4)|< — 101003’ Sfr — 3.20
GasSpin ('<f4', 3.) Mpc/h km/s REMAZBRE
StellarSpin ('<f4', 3,) Mpc/h km/s [==5=4=) — intrinsic
InfallVmax float32 km/s TRFRE B R AR ATEIRE e ; f
InfallVmaxPeak float32 km/s BRHE - BRESNERIERE. - - dust extinction
InfallSnap int32 EZ Mtype 05 Mtype 1520 BFIREBHES S I c a ro e rt I e s e m a S s 4 1 5 _
InfallHotGas float32 10710 Msun/h ERRRNIRAS A RE , u u , "
HotRadius float32 Mpc/h ASRERR Y
OriMergTime float32 yr QB I R (RN S 22 AT ] |_'|_'
MergTime float32 yr EENRIRHSEE |
ColdGas float32 10710 Msun/h REEEPHNSERE | [ ]
StellarMass float32 10710 Msun/h ERPIEENZRE m eta I I I c Ity Sf r a n d etc S 4 1 . O 4
BulgeMass float32 10710 Msun/h ERZKTIEENEGS |
DiskMass float32 10710 Msun/h EREPIEENRE , U’)
HotGas float32 10710 Msun/h REHNRE Q
EjectedMass float32 1070 Msun/h BRENS RS -
BlackHoleMass float32 10710 Msun/h FRREFNRE - - - - & 40 . 5 T
ICM float32 10710 Msun/h ERAPIRRIEENRE b ] E
MetalsColdGas float32 10710 Msun/h REMBEBEFHNERRE O s e rva b I e s - I u m I n o S It I e S I n N
MetalsStellarMass float32 10710 Msun/h BEFEERELM m
MetalsBulgeMass float32 10710 Msun/h ZIKEERNEBRE =~
MetalsDiskMass float32 10710 Msun/h BTEENSERS 4 O i O i .
MetalsHotGas float32 10710 Msun/h RSFRPNEERE
MetalsEjectedMass float32 10710 Msun/h BHESERNERRE u | | | ot 5007
various bands, emission lines
PrimordialAccretionRate float32 Msun/yr [RASARAIRFAZR , H HEHBE
CoolingRadius float32 Mpc/h REEEZ : . , . . — .
CoolingRate float32 Msun/yr RENRE 2 O O O 3 O O O 4 O O O 5 0 O O 6 O O O 7 O O O 8 O O 0
CoolingRate_beforeAGN float32 Msun/yr ETAGNRIRATHD R ENEER
QuasarAccretionRate float32 Msun/yr quasar mode;R SRR TR B RATIER A
RadioAccretionRate float32 Msun/yr radio modefA S (ARIRFRH BIRAIEE A [ ]
Sfr float32 Msun/yr BERKE
SfrBulge float32 Msun/yr ZIRPREERME
XrayLum float32 log10(erg/sec) XG5 R ERROYLRE
BulgeSize float32 Mpc/h IR REF T
StellarDiskRadius float32 Mpc/h EEZNA/N
GasDiskRadius float32 Mpc/h SAREAIAR N
Coslnclination float32 ERNHA
DisruptOn int32 B3 FUARRIR
MergeOn int32 HEWR
MagDust ('<f4', (10,)) ZRLBEANES
Mag (‘<f4', (10,) e
MagBulge (‘'<f4', (10,)) BIREE
ObsMagDust ('<f4', (10,)) MNELITRTERERENANES
ObsMag (‘'<f4', (10,)) WNELITRATES
ObsMagBulge ('<f4', (10,)) WNE BITR TIZIKES
MassWeightAge float32 1079 yr ERNFREMNER
rbandWeightAge float32 109 yr ERIINRERVCE AN ELR
sfh_ibin int32 HREANRSIEER AN L XEZRS]
sfh_numbins int32 E=HBELAH AL XEHNE
sfh_DiskMass (<f4,(22)) 1070 Msun/h EZRBHEEFMAHE
sfh_BulgeMass ('<f4', (22,)) 1070 Msun/h BEARERPIEERRFASE
sfh_ICM (<f4',(22))) 1070 Msun/h ERBREIEEREER ML
sfh_MetalsDiskMass (<f4',(22))  10M0 Msun/h EZRETEBERRE
sfh_MetalsBulgeMass ('<f4', 22))) 1070 Msun/h ERRPEEIRHE
sfh_MetalsICM ('<f4',(22)) 10710 Msun/h BERAHIEEFERERAL



Semi-analytic galaxy catalogue — AGNs

Too simple assumptions Iin

- - ~amc?  Ly=F(L
many previous cosmological Ly ~ amce A (Lpo1)
simulations

Su+ in prep

The Slim-like disk-corona model

' r
‘ .

1 cBs126
75 A

. log VLV,G

| RXJ1007.1+2203
42.25 1

The disk-corona model

430 Mrk1018

logv

42 A

The ADAF
o

374 NGC 4278}

| MB4
1I2

1|4 1|6
logv

18 20

1|4 1I6 1I8 20
logv




broken power-law model vs.

log (VL)

AGN’s role in reionization

the disk-corona mode
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The new catalogue meet the resolution requirement for the next generation of large-scale surveys
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Reproduce many galaxy properties
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wp(rp)[Mpc/h]

Oll-selected Galaxy Correlation functions
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\ Summary

¢ We finish the main body of the Hyper-Millennium; merger trees to come

The largest N-body cosmological simulation
Volume 2.53[h_3GpC3], particle mass 3.2d8Msun, Particle number 4 trillion

e (Galaxies and AGNs

e Abundance of high-z luminous galaxies discovered by JWST can be explained by the cosmic
variance

e When more sophisticated AGN SED models are adopted, the contribution of AGN to reionization
becomes significant.

e (atalog: Galaxy + AGN SED, suitable for the next generation of large-scale surveys.
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Thank you!



