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Theoretical models have been successful in several ways
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Predictions are hecoming more realistic: zoom-in simulations
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Uncertainties in
numerical

modeling of
galaxy formation

Taysun Kimm (Yonsei)

Gas cooling

- Fully coupled photo-chemistry (uncertainties in metal yields, stellar IMF)
- Unstable cold filamentary accretion, recycling of galactic fountains
- Gas accretion on to the DMH in the presence of strong magnetic fields

Star formation Fro o visr !
- Star formation efficiency per free-fall time 0—
L 0 -
- Runaways, pre-stellar feedback, magnetic fields -
A
Stellar feedback

- Uncertainties in stellar physics: stellar IMF, hypernovae

- Unknown feedback processes (CR pressure, line-driven winds etc)
- Different entrainment due to gas clumping/fragmentation

- Clustering of star formation

11th KIAS Workshop on Cosmology and Structure Formation

5 /20



How do we know if a model fails? overcooled features

« RAMSES-RT (Rosdahl & Teyssier 15)

o |nitial condition: GenetIC (Stopyra+20) - Wore accurate IC
e Mhalo ~10""Mpatz=06

« Radiation + mechanical SN feedback < more accurate fb
e AXmin~7pC

Kang et al. (in prep)
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How do we know if a model fails? overcooled features

« RAMSES-RT (Rosdahl & Teyssier 15)
e |nitial condition: GenetlC (Stopyra+20) - More accurate IC
e Mhalo ~10""Mpatz=06

« Radiation + mechanical SN feedback < more accurate fb
e AXmin~7pC

o Star formation: Multi-freefall (e, = f(a,,

11?

M) ~ 0.2)

from turbulent box simulations
e.g.Federrath & Klessen (12)

computational grid

under-resolved ISM

Kang et al. (in prep)
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Different view of the over-cooling in an isolated galaxy simulation

t=00s | t=00s Han+ (in prep)

« Code: RAMSES-RT

« RHD simulation of a
NGC300-like galaxy (isolated)

« DMH mass: 3x10" Msun
- Type Il SNe + Radiation feedback

» Max resolution: 8-16 pc

G300_E1_LR ~ 2kpc 'G300_E1_LR | [ AT J » Star formation: Multi-freefall
log Gas column density (M /pc?)

log SFR surface density (M /pc? Gyr)

<-1 0 1 2 >3 <4 3 B> -1 0 1 =2

GMCs are often (unrealistically) long-lived -> problem!
(c.f. disruption time scale in GMC simulations or observations is on the order of 5-10 Myr)
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How can we model star formation more accurately? sink particle!

(1) create a seed of sink particles in locally Jeans unstable regions

(2) sink particles accrete based on the Bondi/Flux accretion scheme

(3) convert a sink mass into a star Example of the use
of sink particles:
‘ . “ “ ‘( ‘( turbulent box SF sims

Iso-density identifying sink (protostar) accretion and
contour clumps formation star formation

(e.g.Bate 1995; Krumholz 2004; Gong & Ostriker 2013; Bleuler & Teyssier 2014, 2015)

Federrath & Klessen (12)

Taysun Kimm (Yonsei) 11th KIAS Workshop on Cosmology and Structure Formation 9 /20



Application of the sink particle-based SF to a cosmological sim

o RAMSES-RT (Rosdanl+ 13, Rosdanl & Teyssier 15)

o |nitial condition: MUSIC (Hahn & Abell 2011)

o Muao ~ 107 Mo, Mgar ~ 2x106 M atz=6

o Radiation feedback + mechanical type Il SN feedback
o Axmin=0.7 (z/6)1 pc

o Star formation: Multi-freefall

vs. SINK particle algorithm

Kang et al. (24)

Taysun Kimm (Yonsei) 11th KIAS Workshop on Cosmology and Structure Formation 10 /20



Different ¢ between two different star formation models
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(aka multi-freeftall model)
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More bursty star formation with a more accurate model

SFR( < ryir) (Mg yr=1)
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Feedback becomes more coherent and stronger
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GMCs are quickly destroyed in an isolated disk

- - __
y |
t=974.5 Myr A t =832.3 Myr ;#} ’ . v

(T

: _ /.- /
1G300_E1_LRJ !, q [ 2 kpc J 'LG3OO—E 1_LAaFeing f - _ , [_2 kpc }
log Gas column density (Mo /pc?) log Gas column density (Mo /pc?)
<-1 0 1 2 >3 <-1 0 1 y) >3
Han+ (in prep) No GMCs are long-lived if SFEs are locally very high (see also Kim & Ostriker 17)
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Pressure support for the ISM

10 10
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— Sink

The ISM is mostly cold

in the Multi-freefall model |
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Han+ (in prep) (see also Kim & Ostriker 17)
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Very different predictions for observables

Lyman-a escape fraction ~ LyaSurface Brightness
— |zotov+23 1 - - - S ——
10° 1
B ~50%
W Lya escape more efficiently
S a7, o in the model with more accurate
:J? 10! o ~10% star formation,
O more consistent with
high fesc in observations
1074 | | | | |
200 250 300 350 400 450 500
Vsep [km/s] - DMH mass: 1010 Msn

« Stellar mass: 108 Msun
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More complex cooling/heating model?

w/ complex cooling/heating network (aka PRISM model)

g - Fiducial 1.0
~ Simple Cooling
< 07 ~ 0.5
S g
5 0.0
27 =
. . [E
g - Simple Cooling :oo o5
< 6-
S
o 44 —1.0
2 400 600 800
2 - Age [Myr]
R P 4 Accurate cooling/heating model does not appear
0g1o(p/[cm ™3 . .
Katz+ (to be submitted) to systematically suppress star formation
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Are we missing any important feedback process?

Stellar winds
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Are we missing any important feedback process?

Lyapressure Radiation+SN Radiation+SN+Lya pressure
RAS CAS | | G8R-SN-Lya

| Lﬁ%‘:
™ i 'ok_ ‘
— ‘*
A }\'Ly'u [A]
0.1 pc [ ase—
—_— 0.19 0.00 0.19

Multi-scattering nature of Lya photons can transfer

boosted momentum to the surrounding Lya suppresses formation of star clusters,
but its effect is expected to diminish in metal-rich environments

-> perhaps not a stable solution?
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Are we missing any important feedback process?

Cosmic ray pressure

o (Cosmic rays: relativistic particles formed via diffusive shock acceleration in supernova remnants

o Relativistic -> adiabatic cooling Is slower than non-relativistic gas

o Extra pressure near the galactic plane -> drives warm/cold outflows & suppress inflow onto the disk
MW: Pcr~Pg~Pturb (e.g.Beck 16,Zweibel 17)

[F200W,F150W,FO90W], s

A d

Rodrigeuz Montero+(23)
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Summary

e More accurate model of star formation leads to bursty star formation,
which can better self-regulate SF

« GMCs are destroyed more quickly, allowing Lya/other photons to escape
more efficiently

 Simulated ISM is supported by warm gas

« Perhaps together with CR pressure, we may be able to solve the long-

standing problem of over-cooling and make more realistic predictions for
galaxy formation and evolution
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