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Abstract

The question of what regulates star formation is a longstanding issue. To investigate this issue, we run simulations
of a kiloparsec cube section of a galaxy with three kinds of stellar feedback: the formation of HII regions, the
explosion of supernovae, and ultraviolet heating. We show that stellar feedback is sufficient to reduce the averaged
star formation rate (SFR) to the level of the Schmidt—Kennicutt law in Milky Way-like galaxies but not in high-
redshift gas-rich galaxies, suggesting that another type of support should be added. We investigate whether an
external driving of the turbulence such as the one created by the large galactic scales could diminish the SFR at the
observed level. Assuming that the Toomre parameter is close to 1 as suggested by the observations, we infer a
typical turbulent forcing that we argue should be applied parallel to the plane of the galactic disk. When this
forcing is applied in our simulations, the SFR within our simulations closely follows the Schmidt—Kennicutt
relation. We found that the velocity dispersion is strongly anisotropic with the velocity dispersion alongside the
galactic plane being up to 10 times larger than the perpendicular velocity.

Unified Astronomy Thesaurus concepts: Star formation (1569); Galaxy dynamics (591); Galaxy physics (612);
Interstellar medium (847); Radiative transfer simulations (1967); Magnetohydrodynamical simulations (1966)

1. Introduction

The formation of stars is a key process that has a major
impact on galactic evolution. Its efficiency and rate are
influenced by many factors, and the relative importance of
each of them is still poorly understood. One of the main
reasons why it is so hard to fully understand star formation is
that it involves scales ranging from a few astronomical units up
to several kiloparsecs, with about nine orders of magnitude
between them. As a consequence, self-consistent simulations of
star formation in a galaxy are out of reach for now, and some
possibly important factors have to be neglected or added
through subgrid models (Dubois & Teyssier 2008; Hopkins
et al. 2011). Simulations of smaller regions of a galaxy are a
useful complementary tool that enables the use of a higher
resolution and the performance of parametric studies. An
important challenge for this kind of numerical simulations is
reproducing the Schmidt—Kennicutt (SK) law (Kennicutt 1998;
Kennicutt & Evans 2012) that links the star formation rate
(SFR) to the column density of gas. Previous results (Walch
et al. 2015; Padoan et al. 2016; Gatto et al. 2017; Iffrig &
Hennebelle 2017; Kim & Ostriker 2017) indicated that the
magnetic field has a moderate effect on the SFR but that stellar
feedback (namely HII regions and supernovae) can greatly
reduce the SFR in Milky Way-like galaxies down to a rate
consistent with the observed one. Colling et al. (2018) have
shown that with a more comprehensive model of stellar
feedback, including ionizing radiation as well as supernovae
that explode after a delay corresponding to the stellar lifetime,
the SFR typically lies a few times above the SK relation.
However, they have shown that the galactic shear may be able,
if it is strong enough, to reduce the SFR sufficiently to make it
compatible with the SK law. In our work, we run simulations of
a local region of a galactic disk within a kiloparsec cube box.
We use a numerical setup that is very close to the one used by
Colling et al. (2018). Our primary goal is to extend their results
to galaxies with higher column densities with the aim to

reproduce the SK law. The galaxies that we model have a
stellar and dark matter potential similar to the Milky Way with
a mean column density of gas X g, that varies from 13 to
155 Mg pc2, representative for Milky Way-like galaxies up
to gas-rich galaxies at redshift z = 1-3 (Genzel et al.
2008, 2010; Daddi et al. 2010). Since the total gravitational
potential remains constant, so does the galactic shear, which is
therefore not sufficient to regulate star formation (Colling et al.
2018). On the other hand, several recent studies have shown
that injection of turbulence from galactic motions has to be
taken into account in order to explain the observed velocity
dispersion and SFR (Renaud et al. 2012; Krumholz et al. 2018;
Meidt et al. 2020) as suggested by Bournaud et al. (2010).
Possible source of turbulence include the orbital energy or even
mass accretion onto the galaxies. The latter in particular
requires a mechanism such as an instability to degrade this
source of free energy. We test the effect of such injection of
turbulence by adding a large-scale turbulent driving similar to
the one used by Schmidt et al. (2009).

This Letter is organized as follows. In Section 2 we present
our numerical setup and our simulations. In Section 3 we
investigate the relation between the SFR and the gas column
density when only stellar feedback is at play, and in Section 4
we show the results of similar simulations when we add a
turbulent driving. The necessity of the stellar feedback to
quench star formation is investigated in Section 5. Section 6
concludes the Letter.

2. Numerical Setup
2.1. Magnetohydrodynamic (MHD) Simulations

We use the RAMSES code (Teyssier 2002), to solve the
equations of MHD with a Godunov solver (Fromang et al.
2006) on a cubic grid of 256° cells with periodic boundaries on
the midplane and open vertical boundaries. The box represents
a cubic region of the galactic disk of size L = 1kpc, so the
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resolution is about 4 pc. Sink particles (Bleuler & Teyssier
2014) are used to follow the dense gas and model star
formation. Sink creation is triggered when the gas density
overpasses a threshold of 103 cm~3 (Colling et al. 2018). All
the mass accreted by a sink is considered as stellar mass.

We use the same initial conditions as Colling et al. (2018).
To sum up, the gas (atomic hydrogen) is initially distributed as
a Gaussian along z-axis,

2
n(z) = noexp[—%(zi) ], (D
0

with ng a free density parameter and zo = 150 pc. The column
density of gas (hydrogen and helium), integrated along the z-
axis (perpendicular to the disk) is then

Egas,O = V27TmpnOZ0 )

where m, = 1.4 x 1.66 x 107>*g is the mean mass per
hydrogen atom. The initial temperature is chosen to be
8000 K to match the typical value of the temperature of the
warm neutral medium phase of the interstellar medium (ISM).
An initial turbulent velocity field with an rms dispersion of
5kms~! and a Kolmogorov power spectrum with random
phase (Kolmogorov 1941) is also added. Finally, we add a
Gaussian magnetic field, oriented along the x-axis,

2
m@)&wm{%(f)} 3)
0

with By = 4 uG. The rotation of the galaxy is not modeled.

2.2. Stellar Feedback

The simulations include models for the formation and
expansion of HII region, explosion of supernovae (SNe) and
the far-ultraviolet (FUV) feedback. The H 11 and SNe feedback
models are same as in Colling et al. (2018). As in Colling et al.
(2018), the FUV heating is uniform. However, it is not kept
constant at the solar neighborhood value because young O-B
stars contribute significantly to the FUV emission. As a first
approximation, the FUV heating effect can be considered to be
proportional to the SFR (Ostriker et al. 2010). The mean
FUV density relative to the solar neighborhood value G; can
then be written as

YSFR YSFR
Go = = — —. )
YSFR.0 2.5 x 1077 Mg pc= yr

In our model, G; has a minimal value of 1 (as a background
contribution) and follows the Equation (4) when the SFR
increases.

2.3. Injection of Turbulence

Boumaud et al. (2010), Krumholz & Burkhart (2016), and
Krumholz et al. (2018) show that for galaxies with high column
densities or high SFRs, large-scale gravitational instabilities are
the main source of turbulent energy and dominate over stellar
feedback. We investigate numerically the effect of this turbulent
driving on star formation. We use a model for turbulent driving
adapted from the generalization of the Ornstein—Uhlenbeck used
and explained by several authors (Eswaran & Pope 1988;
Schmidt et al. 2006, 2009; Federrath et al. 2010). The driving is
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bidimensional (2D) because we consider disk-shaped galaxies
and expect large-scale turbulence driving to act mainly within
the disk plane. A numerical confirmation of the predominance of
the 2D modes at large scale in global galactic simulations is
given by Bournaud et al. (2010) in Figure 7 of their article.

More precisely, the turbulent forcing is described by an
external force density f that accelerates the fluid on large
scales. The evolution of the Fourier modes of the acceleration
field f (k, t) follows

ke
& k. = ~f k. 0%+ BR[|k ||-aw )
0

In this stochastic differential equation, dr is the timestep for
integration and 7 is the autocorrelation timescale. In our
simulations, we T = 0.5 Myr and dt/T = 1/100. Tests shows
that choosing different values for 7 does not significantly
impact the simulations. The Wiener process W, and the
projection operator Fy are defined as in Schmidt et al. (2009),
¢ being the solenoidal fraction. In our runs, { = 0.75, and as a
consequence the turbulent driving is stronger for the solenoidal
modes. This choice of ( is motivated by the fact that more
compressive drivings are prone to bolster star formation instead
of reducing it. Furthermore, this choice is in agreement with the
value of ( = 0.78 £ 0.14 found by Jin et al. (2017) in their
simulation of a Milky Way-like galaxy. Note that we apply it
to a projection of the wavenumber k in the disk plane instead of
k itself, so that the resulting force will have no vertical
component. The forcing field f (x, ) is then computed from the
Fourier transform

fuJ):m“xj}mJwa% ©6)

The parameter f;,,; is directly linked to the power injected by
the turbulent force into the simulation.

2.4. Estimation of the Injected Power

With general considerations we can get an idea of the power
injected by large-scale turbulence. The specific power ¢
injected by turbulence at a given scale / can be related with
the typical speed of the motions v, at that scale. This being true
for each scale /, there is the following relation between e and
the velocity dispersion of the gas o,.

E~v70<a. 7

The disk is supposed to be at marginal stability, so that the
Toomre parameter is Q ~ 1. The Toomre parameter can be
estimated as follows:

Og OgK

x 2% 8)

C=56 ",

where k is the epicyclic frequency (which does not depend on
the gas column density X,). Equation (8) can be rewritten o, o<
¢, arelation outlined in both observational and computational
studies of high-redshift galaxies (Dekel et al. 2009; Genzel
et al. 2010; Bournaud 2014). This leads to the following
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Table 1
List of Simulations
Group no frms 2O,gas Tﬂ]
(em™) (M. pe?) (W)

NOTURB 1 0 129 0

1.5 0 194 0

2 0 25.8 0

3 0 38.7 0

4 0 51.6 0

6 0 77.4 0

12 0 155 0
TURB2.5 1.5 2.5 x 104 19.4 1.7 £ 0.7 x 103!

3 6.0 x 104 38.7 9.1 + 3.8 x 103!

6 1.0 x 10° 77.4 5.6 £ 3.6 x 1032

12 2.0 x 10° 155 3.0 +22 x 103
TURB3.8 1.5 2.0 x 104 19.4 1.1 £ 0.5 x 103!

3 8.0 x 104 38.7 1.7 £ 1.1 x 10*

6 2.0 x 103 77.4 1.6 + 1.3 x 103

12 1.0 x 10° 155 34 4+ 3.0 x 10%
NOFEED 1.5 2.0 x 10* 19.4 1.1 £0.5 x 103!

6 2.0 x 103 77.4 1.6 £ 1.3 x 103

12 1.0 x 10° 155 34 4+ 3.0 x 10%

Note. The total averaged injected power Py, is computed by comparing the
kinetic energy in the box before and after applying the turbulent force.
Simulations in the NOFEED group have no stellar feedback (see Section 5).

estimation for the specific power:
€x X )

Therefore the total power injected by large-scale motions Prg
scales as

Prs o 3. (10)

In Appendix A, we provide a more detailed estimation of the
absolute value of Pjg.

2.5. List of Simulations

In order to test the impact of the stellar feedback and the
turbulent driving, we ran three groups of simulations. The
list of the simulations is available in Table 1. Simulations
within the group NOTURB have no turbulent driving and enable
to test the efficiency of stellar feedback as star formation regulators.
In the group TURB2.5 the mean power injected Py, scales as Z%;Sgas.
The TURB3.8 has a stronger injection of turbulent energy, which
scales as Z%;i,as, very close to the expected energy injected at large
scales Ppg estimated in the Section 2.3 (see Figure 3(b)).
Simulations in the NOFEED group have no stellar feedback.

3. Pure Stellar Feedback Simulations

In this section we study the SFR when only stellar feedback
regulates star formation (without additional turbulent driving,
group NOTURB). Figure 1 features edge-on and face-on column
density maps of the simulations. In NOTURB simulations, the gas
tends to form clumpy structures. Ejection of gas out of the disk
plane due to SNe explosions is clearly visible in the simulations
with a high initial gas column density. Figure 2 shows the
evolution of the total sink mass during the simulation for several
initial column density going from X0 = 12.9 Mg pc? to
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Yoas,0 = 155 Mg pc2. The dotted lines correspond to the
expected stellar mass growth if the SFR was constant and scaled
as in the SK law. For Yg,s0 = 12.9 Mg pc2 (corresponding to
a galaxy that is slightly heavier than the Milky way), the SFR is
close to the observed one for similar galaxies. That means that for
such galaxies, the feedback is strong enough to regulate the SFR.
This is not true in the inner regions where the column density is
higher and where the bar plays a considerable role in triggering
and/or quenching star formation (Emsellem et al. 2015), and in
the outer regions without stars, but these regions represent a small
fraction of the total mass of the galaxy. However, the stellar mass
growth is considerably faster than expected in heavier galaxies,
with SFR that can overpass the observation by more than one
order of magnitude. Interestingly, the SFR also follows a star
formation law Yggr Elg\gs (see Figure 3(a)), but with an index
N = 2.5, which is much steeper than the N = 1.4 determined by
Kennicutt. This is unlikely to be due to an underestimation of the
stellar feedback. First, all the main processes that may quench star
formation are included in the simulation, except stellar winds.
Similar simulations with stellar winds shows that their effect on
star formation are not completely negligible but modify it only by
a factor of two (Gatto et al. 2017), and thus cannot explain the
discrepancies we observe. Second, our FUV prescription
(uniform heating proportional to the SFR) overestimates the
heating because both absorption and the propagation delay are
not well taken into account. Third, additional feedback effects
strong enough to reduce star formation to the expected level for
Yeas0 > 25 Mg pc~? would probably generate a too weak SFR
for simulations with Y0 < 20 Mg pc~2, which are already
close to the observed SFR. Finally, Figure 3(b) shows that the
expected turbulent power from stellar feedback is well below
what is needed to quench star formation efficiently for high-
redshift galaxies. The inefficiency of stellar feedback to quench
star formation in gas-rich galaxies suggests that another
phenomenon is likely at play.

4. Effects of Turbulence Injection

In the previous section we have shown that a pure stellar
feedback was not strong enough to quench star formation
efficiently in galaxies with high column density. Figure 2
features the mass accreted by the sinks for several values of the
initial gas column density Y g5 With a turbulent forcing (with
dominant solenoidal modes). We tested two scalings for the
injected energy, Ppj x X2° and Py o< £*3. In both sets of
simulations, the stellar mass has been reduced from the pure
feedback model, and more powerful driving is more efficient at
reducing star formation. The TURB3.8 group has stellar mass
curve compatible with a SFR matching the SK law.

Indeed, in Figure 3(a) the star formation law derived from
this group has an index N = 1.5, very close to the N = 1.4 of
the SK relation. Therefore, large-scale turbulent driving enables
to reproduce a formation law close to the SK law when pure
stellar feedback cannot.

Turbulent driving has a considerable influence on the shape
of the galactic disk, as can be seen in Figure 1 representing the
face-on and edge-on column density map of gas with and
without turbulent driving. Pure feedback simulations show a lot
of small-scale structures and clumps, and a lot of gas is blasted
out of the disk plane by SNe. When turbulent driving is
applied, the gas tends to organize within huge filaments, with
fewer and bigger clumps. A significant bulk motion is
triggered. The effects of turbulent driving are also clearly
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dominated by the effects of the SNe, while turbulent driving creates filamentary structures.
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Figure 2. Evolution of the total stellar mass in the simulations. The total mass is compared to the stellar mass produced if the SFR was constant and matching the SK
law (dotted lines). With only the stellar feedback quenching the star formation, the SFR matches the Kennicutt law only for one simulation with
So,gas = 12.9 Mg pe2, slightly higher than the Milky Way. For higher column density, however, the SFR is well above the observed values. Adding the turbulent

driving helps to reduce the SFR.
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Figure 3. (a): Averaged surfacic SFR as a function of the initial column density. The SFR in computed at each step and averaged over a period of 40 Myr. With pure
stellar feedback the star formation law has an index of 2.5, and thus star formation is quenched enough only for the galaxies with moderate column density. With soft
(Pinj nggas) and strong Py E%zsgas) turbulent driving the obtained star formation is closer to the SK law, and even very close for the strong injection (with an
index of 1.5). (b): Injected power. The dotted orange line is fitted from our model TURB3.8 and is a power law of index 3.8 (see Table 1). The blue and red filled lines
are, respectively, an estimated lower bound for the turbulent power injected by large-scale motions (P g) and an estimated upper bound for the power from the SNe
converted into turbulence (Psy). The shaded regions indicate a reasonable range for these values. They are computed as explained in Appendix A.

visible on the density probability distribution function (PDF)
and on the density profile in Figure B1, in the Appendix. When
applied, turbulent driving increases the fraction of gas within
low-density regions and can move the position of the disk
plane. In all cases the scale height of the disk increases for
higher value of the column density as the strength of stellar
feedback or turbulent driving also increase, but a disk structure
is still clearly apparent. More energetic turbulent driving (or 3D
turbulent driving) completely destroys the disks, which sets a
limit on the turbulent energy that can be injected. The driving
being bidimensional and parallel to the galactic plane, it
generates strongly anisotropic velocity dispersion (Figure Al,
in the Appendix). The effect increases with the column density.
For high-z galaxies, the velocity dispersion alongside the

galactic plane oop = /o2 + 0’3 / V2 is 10 times higher than
the vertical velocity dispersion o,. By comparison, the velocity
dispersion in pure feedback simulations is almost isotropic.

5. Is Stellar Feedback Needed at All?

Previous studies (Bournaud et al. 2010; Hopkins et al. 2011;
Renaud et al. 2012; Krumholz et al. 2018) suggest that both
large-scale turbulence and stellar feedback are needed to match
observations. Block et al. (2010) argued that stellar feedback is
crucial to inject energy back to large scales. With our setup, we
can carry out a simple experiment to see if stellar feedback is
necessary to quench star formation. To investigate this, we
rerun two simulations of the TURB3.8 group, namely those with
nog=15,f, =2 x 10* and no =6, f,,, =2 x 10°, with
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Figure 4. Stellar mass, with and without feedback and turbulence. Feedback and turbulence are needed to quench star formation efficiently.

stellar feedback off (we switch off HII regions and SNe, and
FUV heating is kept constant at solar neighborhood level), so
that only the turbulent driving quenches star formation. On
Figure 4, we can see that in such a configuration the SFR is
higher than the one given by the Kennicutt law. For low gas
column density, it is even higher than the one that we obtain
with stellar feedback only. Thus, it appears that stellar feedback
and large-scale turbulence are complementary to quench star
formation, and that the relative importance of stellar feedback
diminishes as the gas column density increase. This result is in
good agreement with the conclusion reached from global
galactic simulations (Bournaud et al. 2010).

6. Conclusion

We have presented simulations of kiloparsec cube regions of
galaxies with and without stellar feedback and with and
without turbulent driving (Table 1, Figures 1, 4). The simulated
galaxies have a gas column density between 12.9 and
155 Mg pc—2. We reported the SFR in these simulations as
function of the gas column density (Figure 2) and compared the
obtained star formation law with the SK law (Figure 3(a)).
Then we compared the power injected by the turbulent driving
needed to reproduce the SK law with estimates of the turbulent
power released by large-scale motions and stellar feedback
(Figure 3(b)). The effect of the turbulent driving on the velocity
dispersion (Figure Al) and the distribution of the gas
(Figures 1 and B1) were also studied. Our main findings are
as follows.

1. Stellar feedback is able to explain the averaged SFR in
Milky Way-like galaxies.

2. In high-redshift galaxies with high gas column densities,
stellar feedback alone is too weak to quench star
formation to a level consistent with the SK law: the
obtained star formation law for the studied range of gas
column densities is too steep compared to the SK law.

3. The addition of a mainly solenoidal large-scale bidimen-
sional turbulent driving with a power injection Py; o< 38
reduces considerably the SFR. The star formation obtained
has an index N = 1.5, which is close to the observed SK
relation.

4. The injected power is consistent with the power needed to
maintain the disk at marginal stability (with a Toomre
0 ~ 1), which scales as Pg < X*.

5. The resulting velocity dispersion is strongly anisotropic.
The velocity dispersion parallel to the disk plane o, can
be up to 10 times higher than the vertical velocity o,.

6. Stellar feedback remains necessary, but its importance
decreases as the gas column density increases.

Large-scale turbulent driving is therefore necessary when
studying star formation in kpc-sized regions of galaxies,
especially when the gas fraction is high. A key question that
arises is what is the exact nature and origin of the turbulence
that needs to be injected.

We thank the referee for comments that helped improve the
article, and our colleagues for insightful discussions. This work
was granted access to HPC resources from the TGCC on the
Joliot Curie supercomputer under the allocation GENCI
A0070407023.

Software: RAMSES (Teyssier 2002), PYMSES (Labadens,
Chapon, Guillet).

Appendix A
Power Injected by Turbulent Driving and Feedback

Section 2.4 provides an estimation on how the power
injected via turbulence scales with column density. We can go
further and estimate what is the absolute value of power
injected, and compare it to the value used for the TURB3.8
group of simulation that best reproduce the SK law and to the
power injected by stellar feedback (Figure 3(b)). To get a
relevant value, we must take into account the stellar
contribution to the Toomre stability criterion. The formula for
the Toomre parameter when both the gas and the star fluid are
near instability is rather complicated, but the following
equation is an acceptable approximation (Wang & Silk 1994;
Romeo & Wiegert 2011; Romeo & Falstad 2013):

L L+i (A1)
0 Q0 O
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while simulations without driving are almost isotropic.

with

0, = 2" and 0, =
§ TG *

Ok

.G

(A2)

The stability criterion is still Q = 1. For high-redshift
galaxies, X, ~ X, (Daddi et al. 2010; Genzel et al. 2010) and
0, =~ 0, (as reported by Elmegreen & Elmegreen 2006) with
measurement based on the thickness of edge-on stellar disks).
In z = 0 Milky way-like galaxies, ¥, ~ 0.1X, (de Blok et al.
2008) and o, ~ 0.10, (Hennebelle & Falgarone 2012; Falcon-
Barroso et al. 2017, and references therein). In both cases,
0O, ~ O, and then

Q, ~ 2. (A3)
Using Equations (6) and (A2) we get

3 3333

o 2LQ;) G
Pis=%,L*- 275’ = %2; (A4)
where we take / = L/2 as typical injection scale (see Section 2.3),
with L = 1kpc the length of one side the box. We take solar

neighborhood value for the epicyclic frequency k:

kA N2Q A2 % (A5)
with v = 220 km s~ and R = 8 kpc. As a result,
> 4
Pis~43 x 10 ———— | W. (A6)
10 Mg pc?

This value is probably a lower bound because the values of
the velocity dispersion reported in the observations are usually
derived under the assumption of isotropy. However, the
velocity dispersion at the scales that we look at is dominated
by the 2D velocity dispersion within the disk (Figure A1). The
shaded blue region in Figure 3(b) show the range of values of
P; g if this underestimation was of a factor of one to two.

Figure 3(b) emphasizes another important fact: it is
completely unlikely that our turbulent driving mimics the
effect of stellar feedback—driven turbulence. Indeed, the energy
injected under the form of turbulence by the stellar feedback

scales as the SFR, that iS Predpack X 2sFR X 22'4, which is not

compatible with the relation Py EZ,'S needed to reproduce
the SK law. On Figure 3(b), we illustrate this with an
estimation of the energy injected by the dominant feedback
mechanism, SNe. There is approximately one SN each time
100 Mg, of stellar mass is created. It releases 10°! erg into the
ISM. Iffrig & Hennebelle (2015) and Martizzi et al. (2016)
have shown that at these scales, only a fraction of a few percent
of this energy is converted into turbulence. We retain values
between 1% and 5% as reasonable (red shaded region in
Figure 3(b)). The upper bound for the turbulent power injected
by the SN is then

by
PSN ~ 4.0 x 1030 N
10 Mg pc?

1.4
) w. (A7)

It is clearly not sufficient for high-redshift galaxies, but
dominates over the power Py g as estimated in Equation (A4)
for Milky way-like galaxies. This is coherent with our result
that stellar feedback alone is sufficient in such galaxies.

Appendix B
Effect of Turbulence on Density Distribution

Figure B1 gives more insight on the effects of turbulence on
density distribution. The density profile shows that all simula-
tions feature a stratified gas distribution, and that the profile is
less steep when the gas column density or the turbulence forcing
increase. Strong turbulence (for ¥ g, = 155) can trigger huge
bulk motion that can move the position of the disk plane.
Stronger turbulence can even disrupt the disk. The turbulent
driving redistributes the gas and widens the gas PDF, increasing
the fraction of gas in low-density regions, diminishing the gas
available for star formation.

The simulations without driving convert a subsequent
fraction of the gas into star because of the high SFR. At
60 Myr, 39% and 58%, respectively, of the total initial mass
of gas in the box was accreted by the sinks for the
Yo,0as = 174 Mg pc2 and Yo,gas = 155 Mg p072 simulations
without driving. This mass is took from the densest regions of
the box, and as a consequence there is less dense gas remaining
in the box. By contrast, for the same simulations with driving
(group TURB3.8) only about 6% of gas has been accreted at
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Figure B1. Averaged density profile (top row) and density volumic PDF (bottom row). All figures are made from snapshots taken at r ~ 60 Myr. There is less dense
gas in the simulations with high initial column density (Xo,g.s > 77 Mo pc~2) without driving because most it has been accreted by the sinks.

60 Myr. This explains why the simulations without driving
have less dense gas that the corresponding simulations with
driving.
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