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sSimulate the Universe merger tree

N-body simulation

» Solve gravity between multiple dark
matter particles

» Output the hierarchical assembly of
the cosmic structure



SEMI-ANALYTIC GALAXY FORMATION MODEL

put a galaxy seed in each Evolve a galaxy by counting the mass
dark matter halo at the galaxy increase/decrease of each
beginning seed component while calculating

physically/empirically motivated
eguations in each time step.
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Sub-grid physics

A dark matter particle equals to ~ 1O6M@ — 108M® Sub-grid physics

Cosmological simulation is not able to

* resolve earth, solar system

» simulate the interactions between stellar clouds or
stars

* not even the nuclear activities inside stars

Empirical equations or theoretical models for physical
processes that are too small to be handled in
simulations

Unknown physical details

The time resolution is ~15,000,000 years  Test the impact of each individual physical
« Cosmological simulation can not simulate processes

interactions between atoms and ions within stars, * Modifying details of hypothetical theories using
ISM, and IGM. observational constraints

* Implement with new theories




black
hole

A galaxy in SAM

~ Accretion Cooling SF
Sizes — angular momentum oM — Jhotgas = ]coldgas =5

Profiles:
« Hot gas — isothermal sphere

» Cold gas — exponential
 Stars on the disc — exponential
» Stars in bulge — Jaffe law
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Multi-phase cold gas — star formation laws

Z'=0.001 Z'=0.05 Z'=1
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Modifying star
formation laws
does not
significantly affect
the Hl or H2
fractions

cooling — f, , — SFR = feedback — f,
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log,o(r./kpc) SFR

Density Profiles

Our model can reproduce the HI, H2,
SFR, and stellar density profiles of
near by galaxies.

Waiting to compare with more data.
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Update

environmental — mulp:  GRADHOT
effects —
REALJ : )i x .
Cooling: Jopoiing = 3Jam Auring cold flow; j.,pjine = 1-4j4m While hot-mode cooling 8 Jsiar
Star formation: stars form in 20 annuli on the disk, ji = Jspeas < Jeas disk .
JH,
JHI
GRADHOT : specific angular momentum
tidal stripping + ram-pressure stripping to remove hot gas, stripping time-scale inannulus 7 7. = h
Jgi= J
400 Myr g 2r, g
RPSCOLD:

ram-pressure stripping of cold gas in each annulus if Toi < Thot stripping time-
scale 400 Myr
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infall time
-~ X17 = original model

I = X17 + angular central
satellite
momentum updates

o GRADHOT = REAL]J + gradual
hot gas stripping

~RPSCOLD = GRADHOT + cold
gas stripping

= N
L)

M, [10°M]

'C‘\—~

~—

With gradual stripping of hot
gas, the quenching of sta
formation in satellite
galaxies is delayed

With_RPS of cold gas, the
Hl'mass decreases rapidly,
while SFR is not obviously
affected.

Xie etal. 2020



Galibration — gas fractions of central and satellite
galaxies at: ~ 0

central satellite
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This work — black

Xie et al. 2020
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— G-X20RPS EAGLE Obs: 457 galaxies from 115 halos at 0.01<z<0.11
e 5-X20GRA TNG HI from WSRT

— L-H15 $ obsal Redshift, SFR, stellar mass from SDSS DR7

L-A21 ® obspart

Chen et al. in prep.
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-Our model can reproduce the HI and H2 scatrng reIatlons at 2—0

_'The proflles of HI H2+ and stars are also consrstent wrth observatlonal

measurements for nearby galax-"‘." 4

Vary|ng star formatlon Iaws have minor |mpact on the gIobaI propertles

: of model gaIaX|es

-_The ram- pressure strrpplng of coId gas can decrease the HI In satellite

- galaxies raprdly



