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ABSTRACT

We present a catalog of holes and shells in the neutral atomic hydrogen (H1) of 41 gas-rich dwarf galaxies in
LITTLE THINGS (Local Irregulars That Trace Luminosity Extremes, The H1 Nearby Galaxy Survey). We analyzed
their properties as part of an investigation into the relation between star formation and structures and kinematics in
the H1 of small galaxies. We confirmed 306 holes between 38 pc (our resolution limit) and 2.3 kpc, with expansion
velocities up to 30 km s~!. The global star formation rates measured by Ha and FUV emission are consistent with
those estimated from the energy required to create the cataloged holes in our sample. Although we found no obvious
correlation between global star-formation rates and the H1 surface and volume porosities of our sample, two of the
four lowest porosity galaxies and the two highest porosity galaxies have no recent star formation as measured by Ha
and FUV emission.
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Table 1. Basic Galaxy Information

Galaxy RA (J2000) Dec (J2000) Distance ® PA®* Inclination® RpP

(hh mm ss.s) (dd mm ss) (Mpc) (deg) (deg) (kpc)
CVnldwA 12 38 40.2 +32 45 40 3.6 80 41.0 0.57
DDO 43 07 28 17.8 +40 46 13 7.8 6.5 48.5 0.41
DDO 46 07 41 26.6 +40 06 39 6.1 84 28.6 1.14
DDO 47 07 41 55.3 +16 48 08 5.2 —70 64.4 1.36
DDO 50 08 19 08.7 +70 43 25 3.4 18 46.7 1.10
DDO 52 08 28 28.5 +41 51 21 10.3 5 51.1 1.32
DDO 53 08 34 08.0 +66 10 37 3.6 81 64.4 0.72
DDO 63 09 40 30.4 +71 11 02 3.9 0 0 0.68
DDO 69 09 59 25.0 +30 44 42 0.8 —64 60.3 0.19
DDO 70 10 00 00.9 +05 19 50 1.3 88 57.8 0.48
DDO 75 10 10 59.2 —04 41 56 1.3 41 33.5 0.22
DDO 87 10 49 34.7 +65 31 46 7.7 76.5 58.6 1.31
DDO 101 11 55 394 +31 31 08 6.4 —69 49.4 0.93
DDO 126 12 27 06.5 +37 08 23 4.9 —41 67.7 0.87
DDO 133 12 32 554 +31 32 14 3.5 —6 49.4 1.24
DDO 154 12 54 06.2 +27 09 02 3.7 46 65.2 0.59
DDO 155 12 58 39.8 +14 13 10 2.2 51 47.6 0.15
DDO 165 13 06 25.3 +67 42 25 4.6 89 61.9 2.26
DDO 167 13 13 22.9 +46 19 11 4.2 —-23 52.8 0.33
DDO 168 13 14 27.2 +45 55 46 4.3 —24.5 54.5 0.83
DDO 187 14 15 56.7 +23 03 19 2.2 37 39.0 0.18
DDO 210 20 46 52.0 —12 50 50 0.9 —85 66.9 0.17
DDO 216 23 28 35.0 +14 44 30 1.1 —58 69.4 0.54
F564-V3 09 02 53.9 +20 04 29 8.7 7 35.8 0.53 ., "
Haro 29 12 26 16.7 +48 29 38 5.8 85 58.6 0.29 iee Tty -
Haro 36 12 46 56.3 +51 36 48 9.3 2 37.9 0.68 " g - ¥
IC 10 00 20 21.9 +59 17 39 0.7 —38 41.0 0.40 » y,
IC 1613 01 04 49.2 +02 07 48 0.7 71 37.9 0.58 »
LGS 3 01 03 55.2 +21 52 39 0.7 —-3.5 64.4 0.23
M81ldwA 08 23 57.2 +71 01 51 3.5 86 45.8 0.25
Mrk 178 11 33 29.0 +49 14 24 3.9 —50 68.6 0.33
NGC 1569 04 30 49.8 +64 50 51 3.4 —59 61.1 0.39
NGC 2366 07 28 48.8 +69 12 22 3.4 32.5 72.1 1.35
NGC 3738 11 35 49.0 +54 31 23 4.9 0 0 0.78
NGC 4163 12 12 09.2 +36 10 13 2.9 18 53.7 0.27
NGC 4214 12 15 39.2 +36 19 38 3.0 16 25.8 0.75
NGC 6822 19 44 57.9 —14 48 11 0.5 24 0.57
SagDIG 19 30 00.6 —17 40 56 1.1 87.5 62.7 0.23
UGC 8508 13 30 44.9 +54 54 29 2.6 —60 61.9 0.26
WLM 00 01 59.2 —15 27 41 1.0 -2 70.3 0.57
VIIZw 403 11 27 58.2 +78 59 39 4.4 —10 66.0 0.52

@ Hunter et al. (2012)

b v_band scale length from Hunter & Elmegreen (2004)
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ABSTRACT

‘We present an analysis of the properties of H1 holes detected in 20 galaxies that are part of “The H1 Nearby Galaxy
Survey.” We detected more than 1000 holes in total in the sampled galaxies. Where they can be measured, their
sizes range from about 100 pc (our resolution limit) to about 2 kpc, their expansion velocities range from 4 to
36 kms™', and their ages are estimated to range between 3 and 150 Myr. The holes are found throughout the disks
of the galaxies, out to the edge of the H1 disk; 23% of the holes fall outside R,s. We find that shear limits the age
of holes in spirals (shear is less important in dwarf galaxies) which explains why H1 holes in dwarfs are rounder,
on average than in spirals. Shear, which is particularly strong in the inner part of spiral galaxies, also explains
why we find that holes outside R,s are larger and older. We derive the scale height of the H1 disk as a function of
galactocentric radius and find that the disk flares up in all galaxies. We proceed to derive the surface and volume
porosity (Q2p and Qs3p) and find that this correlates with the type of the host galaxy: later Hubble types tend to
be more porous. The size distribution of the holes in our sample follows a power law with a slope of a, ~ —2.9.
Assuming that the holes are the result of massive star formation (SF), we derive values for the supernova rate and
star formation rate (SFR) which scales with the SFR derived based on other tracers. If we extrapolate the observed
number of holes to include those that fall below our resolution limit, down to holes created by a single supernova,
we find that our results are compatible with the hypothesis that H1 holes result from SE.

Key words: galaxies: ISM — galaxies: structure — ISM: bubbles — ISM: structure
Online-only material: color figure, figure set, machine-readable and VO tables
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Icrioap3yeMbIit MU HIOAXOA:
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Figure 2. Position-velocity (pv) diagrams of three types of holes (these features are from NGC 4214). Top: Type 1 hole
(completely blown out); middle: Type 2 hole (partially blown out); and bottom: Type 3 hole (intact).
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INTRODUCTION

ABSTRACT

The Sloan Digital Sky Survey (SDSS) has proved to be a powerful resource for under-
standing the physical properties and chemical composition of star-forming galaxies in
the local universe. The SDSS population of active galactic nuclei (AGN) remains as of
yet less explored in this capacity. To extend the rigorous study of H1I regions in the
SDSS to AGN, we adapt methods for computing direct-method chemical abundances
for application to the narrow-line regions (NLR) of AGN. By accounting for triply-
ionized oxygen, we are able to more completely estimate the total oxygen abundance.
We find a strong correlation between electron temperature and oxygen abundance
due to collisional cooling by metals. Furthermore, we find that nitrogen and oxygen
abundances in AGN are strongly correlated. From the metal-temperature relation and
the coupling of nitrogen and oxygen abundances, we develop a new, empirically and
physically motivated method for determining chemical abundances from the strong
emission lines commonly employed in flux-ratio diagnostic diagrams (BPT diagrams).
Our approach, which for AGN reduces to a single equation based on the BPT line
ratios, consistently recovers direct-method abundances over a 1.5 dex range in oxygen
abundance with an rms uncertainty of 0.18 dex. We have determined metallicities for
thousands of AGN in the SDSS, and in the process have discovered an ionization-
related discriminator for Seyfert and LINER galaxies.

Key words: ISM: abundances — galaxies: abundances — galaxies: active

and other Local Group galaxies; and (ii) AGN nebulae have
a more complex ionization structure (e.g., Osterbrock & Fer-

Spurred by revolutionary ideas about the nature of gaseous
nebulae (e.g., Strémgren 1939), Menzel applied then-new
ideas about quantum mechanics to emission-line phenom-
ena to develop a working theory of nebular astrophysics,
often in collaboration with Baker and Aller. This enabled
the first empirical estimates of physical properties like elec-
tron temperature (Menzel & Aller 1941) and ionic abun-
dances like O*2/H (Menzel et al. 1941) in gaseous nebulae.
Seyfert, their contemporary, reported the discovery of a new
class of emission-line objects in 1943 that later came to be
known as active galactic nuclei (AGN). While Menzel’s the-

land 2006, henceforth OF06). Sixteen years passed between
the development of a method for the direct estimation of
chemical abundances in the Orion Nebula (Aller & Liller
1959) and the first investigation of metallicity in an AGN
(Osterbrock & Miller 1975). While Koski (1978) and Shuder
& Osterbrock (1981) analyzed the physical properties of the
gas in Seyfert nebulae, and Storchi-Bergmann & Pastoriza
(1990) established the range of metallicities for a sample of
AGN using photoionization models, it was not until Cruz-
Gonzalez et al. (1991) that direct-method abundances (i.e.,
abundances determined usine the electron tembperature and
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Figure 1. BPT diagnostic diagrams for our samples of AGN (filled red symbols) and H 11 galaxies (open blue symbols) from the SDSS
DRS. The solid curves indicate the empirical demarcations between H1I galaxies and AGN defined by Kauffmann et al. (2003) and
Kewley et al. (2006). The dashed curve on the [N11]/Ha plot represents the theoretical “maximum starburst” line from Kewley et al.
(2001). In the AGN zones, empirical divisions between Seyfert galaxies and LINERs (Schawinski et al. 2007; Kewley et al. 2006) are

indicated by dotted lines.

Icnoap3yioT ganHble SDSS DRS, Tounee — ony0AMKOBaHHBIE IIOTOKH B
®MIICCUOHHBIX AMHUAX Tocle Protsmouth processing (Thomas et al. 2013)

Havaapnas Bproopka — 152322 HII n 8720 AGN

BriObopka a4as1 ucnoanzosaHus Te-metoga (Hy>kubl AnHuu [OII1]4363,
, [OII]3727 ¢ xoporuum S/N) — 539 HII n 180 AGN, z~0.02
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Table 1. Parameters for [S11] doublet ratio vs. electron density
for a range of electron temperatures. Table 2. Parameters for [O 111] doublet-auroral line ratio vs. elec-
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