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Hydrostatic Balance in Galactic Disks

A suite of realistic simulations
Our simulations uses the
gravity + hydrodynamics code
GIZMO in meshless finite mass
(MFM) mode.

Pressure support in the ISM
We are studying how the volume weighted ISM pressure compares to the
weight of the overlying gaseous disk. Hydrostatic balance predicts:

The FIRE physics modules in
GIZMO include a model for star
formation in self-gravitating
gas, gas cooling to T~10 K, and
models for feedback from
supernovae, stellar winds, and
stellar radiation.

with…

This suite of simulated galaxies
contains realistic stellar
populations and a multi-phase ISM. These galaxies match key
observational constraints, including the stellar mass-halo mass relation as
well as the Kennicutt-Schmidt relation (e.g. Hopkins+ 2018, Orr+ 2018).
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Why vertical hydrostatic balance?
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Vertical hydrostatic balance is an
important assumption for models Pturb(z) =
z+Δz
∬ dA ∫z−Δz dz
of galactic disks (e.g. Krumholz+
2018) and is the basis of a class of
feedback regulated models for the origin of the Kennicutt-Schmidt
relation (e.g. Thompson+ 2005, Ostriker & Shetty 2011, FaucherGiguère+ 2013).

Comparing the Thermal and Turbulent Pressure to the Weight of the Overlying Gas
Analyzing a Milky Way-mass galaxy
Here, we investigate a Milky Way-like galaxy with gas fraction, mgas/(mgas + mstar) =
20%, stellar mass 6.5 x 1010 solar masses and halo mass of 1.2 x 1012 solar masses
near redshift zero.
Considering 3 kpc patches of the ISM
We measure the pressure of the ISM in
both the warm (103-105 K) and hot (>105
K) phases, spatially averaged over 3kpc x
3kpc square patches. We consider
patches within 3 times the stellar half
mass radius, typically ~25 patches per
snapshot. Shown here in red are those
pixels on overlaid onto a combined gas
temperature/density projection.
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Median ISM pressure profiles vs. Weight of Overlying Gas
Median values of the profiles from 10 snapshots separated
by ~50 Myr (246 patches total). In both the warm and hot
phases, the ISM pressure profile tracks the weight well over
a range of heights, indicating the gas at these heights is in
hydrostatic balance.

Mapping Hydrostatic Balance and Measuring Bulk Inflows/Outflows
Vertical inflow/outflow profiles
Plotted in light gray are the 246 volume weighted vertical
velocity profiles, in black are the median profiles. The hot
gas’ outflow, powered primarily by supernovae, is
considerably faster. This outflow might explain departures
from hydrostatic balance in the section above.

What’s next?
Extend to other galaxy simulations
Our most straightforward extension is to
analyze more galaxies from the FIRE suite,
and to consider galaxies at diﬀerent
redshifts.
Origins of the Kennicutt-Schmidt relation
We will also consider to what extent ISM
pressure comes from star formation/stellar
feedback vs. gravity. This will enable us to
study when stellar feedback could explain
the Kennicutt-Schmidt relation.

Map of ISM Pressure vs. Weight of Overlying Gas

Regimes of bursty star formation

The color of each patch is the ratio of ISM pressure to
overlying weight at the midplane. A gas surface density
contour is shown to identify galaxy features. There are local
fluctuations of order unity, but on average hydrostatic
balance is achieved over most of the disk.

We then plan to investigate the eﬀect of a
highly time-variable galaxy-scale star
formation rate, as observed in the FIRE
simulations at redshift > 1 (e.g. Sparre+ 17,
Faucher-Giguère 18).
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