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ABSTRACT

A simple model for star formation based on supernova (SN) feedback and gravitational heating via the collapse of
perturbations in gravitationally unstable disks reproduces the Schmidt-Kennicutt relation between the star formation
rate (SFR) per unit area, ¥gpp, and the gas surface density, ¥,, remarkably well. The gas velocity dispersion,
04, is derived self-consistently in conjunction with Y¥srp and is found to match the observations. Gravitational
instability triggers “gravito-turbulence" at the scale of the least stable perturbation mode, boosting ¢, at ¥, >
Etgh' = 50 Mg, pe~?, and contributing to the pressure needed to carry the disk weight vertically. Xspp is reduced to
the observed level at X, > E;‘“_._ whereas at lower surface densities, SN feedback is the prevailing energy source. Our
proposed star formation recipes require efficiencies of order 1%, and the Toomre parameter, @, for the joint gaseous
and stellar disk is predicted to be close to the critical value for marginal stability for ¥, < Z;hrf spreading to lower
values and larger gas velocity dispersion at higher X,.
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1 INTRODUCTION self-consistently regulate the turbulence in the absence of dis-

sipation physics. Moreover, observationally, there is indeed

Despite the complex interplay between a multitude of phys-
ical processes involved in galaxy formation, evolved galaxies
exhibit remarkably simple scaling relations. One of these re-
lations is the Schmidt-Kennicutt star formation law in disk
galaxies Yspp = AY; (Schmidt 1959; Kennicutt 1998) be-
tween the SFR per unit disk area, ¥spp, and the gas sur-
face density, X,. The universality of this relation over many
decades in X,, and its low scatter, indicate that it might be
a consequence of a global quasi-equilibrium maintained over
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evidence that local star formation efficiency decreases with
increasing turbulence inside molecular clouds (MCs) (Leroy
et al. 2017; Querejeta et al. 2019).

In the absence of feedback, SFRs are well known to be far
too high, both in disk galaxies as well as in spheroidal sys-
tems. Supernova-driven furbulence is the favored mechanism
that regulates star formation (Joung & Mac Low 2006).

Massive stellar feedback equally plays a role. Both OB
winds and SN are essential in star-forming MCs to obtain



ObLwaqa noesq:

» [IBa Mex-Ma nepekavykn saHeprum TypobyneHTHbIX
NBUXEHUWN:

» C>XaTume BO3MYLLEHHbIX obnacTen npwu
rpaB.HEYCTONYNBOCTU

* 1 SN feedback.

Liens: BocnpousBect 34y, 42 Onas OUCKa
B KBa3M-PaBHOBECHC — d'E — = (GsN + Ggr — L) 2ig

.
i kT, 4
L ~ 4 | & l
[2,-} —_— I_'_{:..,I.."I- 5 — — N + -
(L W W g If:éII [g:;;. ":1;' <

- ; iy 9 Py i s —
where W = 2o.0,/(00 + 05), Q- = max((Q..Q,)



BepTunkanbHbin OanaHC cun

1 dp’
Iﬁ'; 'j. — g_!:.l LB .'!;r* _I_.t.;r'lu' .

=

IlaBneHne B NJIOCKOCTU AUNCKa

R ssunesy AERR
p=-GX, X+ ——

g 2T pg
where

T ] —_— 2
: r-l—(l—""—‘)L for 0. <0,.



3BE3LAOOBPA3OBAHWE

1 . "
LEFR — €gp—

[Ba BapuvaHTa Aanga t.:

1. ObpaTHO NponopuUMOHaZIbHO KPUTNYECKON YacToTe Hanbonee HeyCTONM4YMBON MOAblI,
2. PaBHO RnemeHn cROAONHOIO NageHna onga OaHHOW NAoTHoCcTM >/H.

1

t-1 =/Gp, .

-

LSFR De
1 , i
I

R
dHeprusa SN Ha egnHNLLY MaccChbl ra YSN =

. 2 Ot Y
Ly = no; I (22)
I_IOTep;I dHEPrnu where 77 is a constant and the turbulence dissipation timescale

is proportional to o, /Ly with L; being the scale of the largest
eddy at which turbulence energy is injected. For the Q-recipe,



Figure 1. The star formation rate per unit area versus the gas
surface density for 100 sets of random parameters generated as de-
scribed in the text. Blue squares are obtained with only SN feed-
back, while the green circles also include gravitational heating. The
dashed lines illustrate the dependence on the ratio f; = Xg/X..
Green and pink shaded areas represent the SK laws inferred, re-
spectively, from observations of normal spirals (De Los Reyes &
Kennicutt 2019) and starbursts (Kennicutt & De Los Reyes 2021).
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Figure 2. The same as the previous figure, but with a non-
vanishing thermal floor in the velocity dispersion.



Figure 4. The global, stellar and gas Toomre parameters obtained
n the two star formation recipes. Top and bottom panels are for

the ()- and p-recipes, as indicated in the figure.
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A robust prediction of the model is that disks of normal
spirals above a threshold surface density ¥, ~ 50 My pe™2,
cannot be regulated by SN feedback if the observed SK law
15 to be recovered. Gravito-turbulence dominates these disks.
leading to X sppr consistent with the observations. Below this
threshold, the disks are marginally stable with ) = 1. At
higher surface densities, only disks dominated by the stellar
component have () = 1. Disks above the threshold but having

a low ratio ¥. /X4, are associated with @ < 1.



* Our proposed star formation recipes require efficiencies
of order 1%, and the Toomre parameter, Q, for the joint
gaseous and stellar disk is predicted to be close to the
critical value Iy, - yrthnal stabil yt = 500\, pe=2S density
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