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ABSTRACT

While all models for the evolution of galaxies require the accretion of gas to sustain their growth via
on-going star formation, it has proven difficult to directly detect this inflowing material. In this paper
we use data of nearby star-forming galaxies in the SDSS IV Mapping Nearby Galaxies at Apache
Point Observatory (MaNGA) survey to search for evidence of accretion imprinted in the chemical
composition of the interstellar medium. We measure both the O/H and N/O abundance ratios in
regions previously identified as having anomalously low values of O/H. We show that the unusual
locations of these regions in the N/O vs. O/H plane indicate that they have been created through the
mixing of disk gas having higher metallicity with accreted gas having lower metallicity. Taken together
with previous analysis on these anomalously low-metallicity regions, these results imply that accretion
of metal-poor gas can probably sustain star formation in present-day late-type galaxies.



[TpobsieMa 1 NOCTaHOBKaA
3a4a4n

HepelleHHbIN BOMNPOC: rae Xxe akkpeuund Ha
raJlJakTUKKn, oxxnagaemasa n3 oujiaMeHTOB?

Nmetowmecsa HabnogeHns JTNHUA NorI0WeHns
«Ha NpoCBeT» Yalle CBUAOEeTesNIbCTBYET O
BbiOpoce rasa, 4em o0 ero nageHumn.

[Togxon: nccnenoBaHme NoKaslbHbIX obnacTen,
OT/INYaAOLWNXCA HN3KOWN MeTaJIJIMYHOCTbIO, Ha
rnpeamMmeT cooep>XaHnd a30Ta B TaKOM INa3e.

(ALM: anomalously low-metallicity )
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ANOMALOUSLY LOW METALLICITY

REGIONS IN MANGA STAR-FORMING GALAXIES: ACCRETION
CAUGHT IN ACTION?
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Examples of azimuthally asymmetric metallicity distribution:
(left: 8454-12703; right: 8313-12702). The metallicities on the
sides closer to the companions are lowered by 0.1 —0.15 dex

at distances > 0.5Re.
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We found that late type galaxies commonly have regions
where the oxygen abundance (12 + log(O/H)) in the
Interstellar medium (ISM) is significantly lower than
expected (relative to the tight empirical correlation
between the oxygen abundance and the local stellar
surface mass density for a fixed stellar mass).

We showed that they correspond to regions of higher than
average rates of star formation. We speculated that these
ALM regions are sites in which low-metallicity gas has
been recently accreted, gotten mixed with the pre-existing
more metal-rich gas, and triggered star formation.

The CGM (okonoranaktnyeckmnu ras) is a plausible source
for such material



ObLwaa noes

* pes: paccMoTpeTb OTHOLLUEHNE COAEePKAHWUN
NepBUYHbIX U BTOPUYHbIX 3/IEMEHTOB:

N/O vs O/H B XuMmn4eckKm aHOMa1bHbIX
obnlacTgau.

B HM3kKomMeTannn4yHbix 3ses3gax N MOXXHO
paccMaTpMBaTb Kak NepBuYHbIN anemMeHT, 1 N/O
~ const. B oboraweHHoM rase N/O poskeH
pacTtu c O/H. 2To cornacyetcd c HabsirogeHNaAMN.

[NageHne obegHeHHOro rasa ymensiwiaeT O/H,
ocTaBnsAsa BblcOKM N/O.



* lcxogHble naHHble: the MaNGA survey, which is part
of Sloan Digital Sky Survey (SDSS)-IV, 2D cneKkTpsl
okono 8000 ranaktuk ¢ R = 2000.

 Sample: SF galaxies with deprojected local stellar
surface mass density > 107Ms kpc-2, total stellar
mass > 109Ms, (b/a) > 0.3 (to exclude edge-on
galaxies). We also require SNR > 10 for the emission
lines used in BPT diagrams and metallicity
calculations.

e BoineneHne ALM - no oTK/IOHeHuto obnacTten oT
3aBUCUMOCTMU (2 — Z).

Alog(O/H) = (12 + log(O/H))obs — (12 + log(O/H))exp
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Figure 1. Local relation between metallicity and stel-

lar surface mass density. The circles represent the peaks of
metallicity distributions in each stellar mass bin. The back-
ground distribution and contours show the distribution of
all pure star-forming spaxels in late-type galaxies with stel-
lar masses > IDB‘EﬂI;E;. The bin of 10%° — 1091145} is only
used for interpolation, and we do not further analyze the
galaxies in this bin.
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Figure 2. Distribution of the metallicity deviation of

star-forming spaxels in late-type galaxies with stellar mass
> 10°Mg (blue histogram). The orange dashed line is a
Gaussian profile for “normal” spaxels, with a standard de-
viation oz = 0.037. The black solid line is the residual af-
ter subtracting the fitted Gaussian profile from the negative
side of the histogram . The vertical dotted line marks where
Alog(O/H) = —0.111, and we refer to those spaxels devi-
ating to lower metallicity by more than this value as ALM
spaxels. The control sample (non-ALM) consisting of spaxels
with |Alog(O/H)| < oz are shaded in purple.



N/O - using the empirical relation found

in Loaiza-Agudelo et al. (2020):

log(N/O) = 0.73 N202 - 0:58

where N202 = [NII]6584/[0ll]3727, 3729
(corrected forextinction). Our estimations
O/H and N/O are quite independent as diffi
lines are used.

We interpret this as a signature of the mix
of metal-rich gas (on the linear part of the
N/O vs. O/H relation) with metalpoor gas

(on the at part of the N/O vs. O/H relation)
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Figure 3. ALM and non-ALM spaxels plotted on the N/O
vs. O/H plane. The contours enclose 90%, 60%, 30% percent
of total data points, from the outermost line to the innermost
line, respectively. Arrows show initial metallicities (ends of
the arrows) and final metallicities (heads of the arrows) af-
ter 60% original gas + 40% low-metallicity gas (half the ini-
tial O/H ratio, log(N/O) = —1.43) mixing. We observe a
clear offset between the distributions of ALM and non-ALM
spaxels, and the hypothetical mixing model provides a good
description to our results.
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Figure 6. ALM spaxels color-coded by R/R., the distance
to the center of the galaxy normalized by the galaxy half-
light radius. The contours enclose 90%, 60%, 30% percent of
total data points, from the outermost line to the innermost
line, respectively. Spaxels with the largest offset from the
normal relation are preferentially found in the outer region

(R > 1.5R.).



[pyrne BapnaHTbl 06 bACHEHNS
noBbiLLeHHOro otHoweHma N/O

OborauweHHbIn BeTep oT WR Takxe yBenndmsaeT N/O. bbinu
NpoaHaan3npoBaHbl CTPYKTYpPbl ALM ¢ caMbiM BbICOKMM SNR - B HUX HeT
neTanen, xapakTepHbix ana WR.

A selective loss of oxygen via supernovae-driven galactic-winds during
the burst phase could also contribute to a high N/O value during the
post-burst phase. However, we emphasize that this scenario is
inconsistent with the properties of the ALM spaxels, which are shown to
be tracing on-going bursts of star formation with a signicant population
of short-lived massive stars.

The fact that the ALM spaxels have an excess N/O for a given O/H rules
out the interpretation that they are simply less chemically-evolved
regions (in which case they would have lower O/H but still follow the
normal N/O vs. O/H relation).



OCHOBHbIe BbIBO bl

Based on the tight empirical relation between metallicity and local
stellar surface mass density at fixed stellar mass, we identfied
ALM regions as spaxels with observed metallicity lower than the
expected value by more than 0.111 dex. This resulted in 37288
ALM spaxels in 685 star-forming galaxies with M > 10”9Ms.

Our results show that the ALM regions lie in the region of the N/O
vs. O/H plot where N/O is unusually large for a given O/H value.
This scenario is in agreement with a mixing (accretion) model and
thus rules out the alternative interpretation that the ALM regions
are just regions that are less chemically-evolved due to less prior
star formation.

Our results provide confirmation that ALM regions are indeed
accretion sites, and thereby supported the idea that we are
witnessing galaxy building in action.
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