Detection of the self-regulation of star formation in galaxy
discs
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ABSTRACT

Stellar feedback has a notable influence on the formation and evolution of galaxies.
However, direct observational evidence is scarce. We have performed stellar population
analysis using MUSE optical spectra of the spiral galaxy NGC 628 and find that
current maximum star formation in spatially resolved regions is regulated according
to the level of star formation in the recent past. We propose a model based on the
self-regulator or “bathtub” models, but for spatially resolved regions of the galaxy.
We name it the “resolved self-regulator model” and show that the predictions of this
model are in agreement with the presented observations. We observe star formation
self-regulation and estimate the mass-loading factor, n = 2.5 + 0.5, consistent with
values predicted by galaxy formation models. The method described here will help
provide better constraints on those models.
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1 INTRODUCTION reconciliation of the observed properties of galaxies with

+thoce from standard ocalaxyv formation modele (Honkine et al
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Mgas = Mip — SFR(1 = R + 1) (1)

where R is the fraction of the mass that is returned to the
interstellar medium, and 7 is the “mass loading factor”,

Mout — nSFR. (2)

Resolved self-regulator model ga51 oaunounbIX 3Be34 (Burkert 2017):

igas = 2.:net flow — 2SFR(1 — R+ 1) (3)



Ycpeansior 445 0oabpnx o0Aacret (CKOIAeHVsI, KOMILAEKCHI)

- X =33 . :

° net flow

Egas = inetﬂow - ESFR(1 —R+1) (5)

where the average is done in the whole region we observe. We
can derive or approximate the average quantities from the
observations reported in the previous section. We have mea-
sured the Zgpr past; 88 the sum of individual star forming re-

gions that are affecting the present measured YSFR recent- We
2SER recent _ZSFR past

convert Zgas into . We rewrite Eq. 5 assum-
ing that the Xgrr and the Z gas are related by the Kennicutt-
Schmidt (KS) law (Kenmcutt 1998), ZgpR = A}Zgas

ZSFR recent —
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ZSFR past
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Zout= r] .ZSFR A [Enet flow — ESFRpast (1-R+ 77)] At +

Figure 3. Resolved self-regulator model for a star forming region.

The different layers within the circles refer to different compo- (6)
nents. The stellar disc and the star forming region are co-rotating.

Invoking mass conservation, this model relates Zgu, Znetfiows Zout,

and Xspr.
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