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State-of-the-art cosmological models have broadly
converged on first-order stellar predictions

Galaxy stellar mass function
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® Both cosmo sims and semi-

analytic models (SAMs)

® [eedback is key:

» strong SF-driven winds

» AGN at massive end N A L .‘IT‘LL
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Models diverge strongly on their predictions
for gas properties

Mass-metallicity relation

} z=1

e Models that match stellar

galaxy properties agree
neither with observations nor

among themselves!
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» models are degenerate
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» gas can break degeneracies
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FIRE: Feedback in Realistic Environments

e (Cosmological zoom-ins
resolving GMCs

magenta=102K

e Metal and molecular
cooling to 7T~10 K; SF in
mol., self-grav. gas

e Stellar feedback (SNe,
photoion, stellar winds,
rad. P) based on SB99

e No parame’[el’ tUﬂlﬂg GIZMO P-SPH, Mh(z=0)=1012 Msun

— 3 —
» K-S law, outflows, etc. emerge Mgas=7%103 Msun, €gas=10 pC

w/ Hopkins, Keres, Quataert + students, p'docs & collaborators



Galactic winds in FIR
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Galaxy stellar masses in FIRE
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Mass-metallicity in FIRE

Gas phase, z=0 Stellar, z=0
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Halos are approximately closed boxes

Halo properties
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Most stars form from smoothy accreted,

Mh(Z=O)=1O13 Msun 1012 Msun
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Probing inflows/outflows with absorption lines

® At z~2-3 with ground-based telescopes, z<1 with HST/COS

® [oreground object can be galaxy (e.g., Steidel+, Rudie+, Tumlinson+,

Chen+, Bouché+), DLA (e.g., Rubin+), QSO (e.g., Prochaska+), ...



Inflow-SF-outflow cycles
— time variable CGM
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The CGM in FIRE: HI in z=2-4 halos

® 16 Mh(z=2)~109-10"3 Msun halos

» 12 LBG halos: e~10 pc, mo~6x104 Msun

» Dbetter for lower Mh, worse for highest Mh

» stellar feedback only

e RT to compute covering fractions within

Ruir, 100 kpc

® 100 time slices from z=4—-2
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Galactic winds increase cool gas covering fractions
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Strongly time-variable, ~50-50 inflow-outflow
contributions to covering fractions

Three representative Mh(z=2)=3x1011-1012 Msun halos
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Lyman limit systems peak in massive halos
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Lyman limit systems vs. halo mass and time
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Preliminary results from MassiveFIRE

o 18 Mn(2=2)=2x1012-1013 Msur
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Large covering fractions in MassiveFIRE halos at high res
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Summary

e The FIRE simulations
= generate strong galactic winds from small-scale explicit feedback
= explain:

»  My-Mh below L*
» stellar and gas phase metallicity relations
» HIlin LBG halos

= ndicate:

» roughly correct overall stellar feedback efficiency

» reasonably accurate cosmological gas / metal transport and mixing

e Most z=0 stellar mass forms from wind-recycled smooth |GM accretion

e Most massive halos (Mhz10'2Msun) appear more sensitive to resolution, likely due
to multiphase interactions in hot halos

= stellar feedback puffing up inflowing filaments helps explain large LLS coverings
in QSO halos



