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ABSTRACT

We present an analysis of the optical nuclear spectra from the active ¢
nuclei (AGN) in a sample of low surface brightness (LSB) galaxies. Using dat
the Sloan Digital Sky Survey (SDSS), we derived the virial black hole (BH)
of 24 galaxies from their broad Ho parameters. We find that our estimates of :
BH masses lie in the range 10° — 107 M, with a median mass of 5.62 x 10° M
bulge stellar velocity dispersion o, was determined from the underlying stellar s
We compared our results with the existing BH mass - velocity dispersion (Mp;
correlations and found that the majority of our sample lie in the low BH mass
and below the Mgy — o, correlation. We analysed the effects of any systematic
the Mpy estimates, the effects of galaxy orientation in the measurement of o. :
increase of 0. due to the presence of bars and found that these effects are insu
to explain the observed offset in Mpy - 0. correlation. Thus the LSB galaxi
to have low mass BHs which probably are not in co-evolution with the host
bulges. A detailed study of the nature of the bulges and the role of dark ms
the growth of the BHs is needed to further understand the BH-bulge co-evolu
these poorly evolved and dark matter dominated systems.



Although we do not generally see AGN in LSB galaxies, a
significant fraction of bulge dominated GLSB galaxies do
show AGN activity (Sprayberry et al.1995; Galaz et al. 2011).
Some of them are even radio bright and visible in X-rays .

Morelli et al. (2012) found that the stellar populations in
the bulges of LSB galaxies have similar properties as that of
the bulges of normal galaxies. They concluded that the
formation and evolution history of bulges in LSB galaxies

are similar to that of the bulges in normal galaxies.
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Figure 2. The bottom panel shows the pPXF fit for the galaxy, Malin 1 (identification number 13). The black line is the observed
spectrum and the red line is the best fit optimal template for the underlying stellar population. The Gaussian fits to the different



* In this paper, we present a detailed analysis of 24 bulge-dominated LSB galaxies with
signatures of type - | AGN (broad Ha component) identified from a large sample of
558 LSB galaxies to understand the AGN activity and to estimate the mass of the BHs
present in their centers.

* The Sloan Digital Sky Survey (SDSS) Data Release 10.
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Figure 1. The BPT AGN diagnostic diagram,[O111]/Hj versus
[N11]/Ha for the sample of 558 galaxies. The emission line fluxes
for these sample galaxies are taken from the SDSS database. The
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Figure 6. The gas phase metallicity distribution of 30 LSB galax-
1es.
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‘igure 7. The M gy distribution of 24 broad line AGN candidate
.SB galaxies.

ained the FWHM. The FWHM of Ha absorption line in our
ample galaxies is less than 600 kms™!, which is one of the
riteria to identify the broad Ha component. For all our sam-
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Figure 8. The M-o. plot with broad line AGN candi-
dates. The linear regression lines given by (Tremaine et al.
2002), (Ferrarese & Merritt 2000), (Giiltekin et al. 2009),
(Kormendy & Ho 2013) relation for classical bulges/elliptical
galaxies and (McConnell & Ma 2013) relation for late type galax-
ies (dashed, solid, dotted short-long dashed and long-dashed
lines, respectively) for My against o, are also shown.



OCHOBHbI€e BbIBOAbI

* BoNbWKMHCTBO HandeHHbIX LSB-ranaktuk ¢
aKTUBHbIM A4POM NEXUT HUXKE
nocnenosaTenbHOCTU M, -G, 418 HOPMAbHbIX
cnupanen. Npun sTom B OONbLIMHCTBE C/Y4YaAEB
6anarxku — knaccnyeckme (MHaekc Cepcuka 2. 5)

CnepoBatenbHO, B LSB- ranaktnkax 6anaxm um
SMBHs pa3suBatoTca He3aBUCUMO.

 The isolated and poorly evolved LSB galaxies are

good candidates to understand the evolution of
heavy seed BHs.
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ABSTRACT

The Magellanic Clouds provide the only laboratory to study the effect of metallicity and galaxy
mass on molecular gas and star formation at high (~ 20 pc) resolution. We use the dust emission
from HERITAGE Herschel data to map the molecular gas in the Magellanic Clouds, avoiding the
known biases of CO emission as a tracer of Hy. Using our dust-based molecular gas estimates, we find
molecular gas depletion times (Tér;;l) of ~ 0.4 Gyr in the LMC and ~ 0.6 SMC at 1 kpc scales. These
depletion times fall within the range found for normal disk galaxies, but are shorter than the average
value, which could be due to recent bursts in star formation. We find no evidence for a strong intrinsic
dependence of the molecular gas depletion time on metallicity. We study the relationship between
gas and star formation rate across a range in size scales from 20 pc to > 1 kpe, including how the

scatter in 'rél;gl changes with size scale, and discuss the physical mechanisms driving the relationships.

We compare the metallicity-dependent star formation models of Ostriker et al. (2010) and Krumholz
(2013) to our observations and find that they both predict the trend in the data, suggesting that the
inclusion of a diffuse neutral medinm is important at lower metallicity, but do not capture the full

extent of the scatter in the relationship between gas and star formation.

Subject headings: galaxies: dwarf — galaxies: evolution — ISM: clouds — Magellanic Clouds

1. INTRODUCTION

Star formation plays a critical role in shaping how
galaxies form and evolve. Understanding the molecu-
lar gas content of low-mass, low-metallicity galaxies and
its relationship to the star formation rate is necessary to
understand how the gas mass fractions evolve with red-
shift (e.g., Tacconi et al. 2010; Genzel et al. 2012) and
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how the star formation efficiency depends on galaxy mass
and metallicity (e.g., Bolatto et al. 2011; Saintonge et al.
2011; Krumholz et al. 2011). Both are critical to under-
standing the “galaxy mass function” and drivers of the
star formation history of the universe.

Our current knowledge of the extragalactic relation-
ship between gas and star formation comes from stud-
ies of mostly high-metallicity, high-mass nearby galaxies
that use 2CO to trace the molecular gas. The original
work to quantitatively compare the star formation rate
to the gas density by Schmidt (1959) found a power law
relationship, generally referred to as the “star formation
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 Most of the resolved data for samples of galaxies
achieve resolutions of several hundred parsecs to 1
kpc (Bigiel et al. 2008; Leroy et al. 2008; Bigiel et al.
2011; Rahman et al. 2012; Leroy et al.2013a) and all
find similar values for the average molecular gas
depletion time of T, 4., ~2 Gyr. The weak
dependence of T, 4., ON the galactic properties and
environment (Leroy et al. 2013a) suggests that star
formation is a local process based on the conditions
within giant molecular clouds (GMCs).

 CnpaBeasiMBo M 3TO ANA HEOONbLUNX FANAKTUK,
beaHbIx H2?



* BMO-MMO: macca MoeKyNAaApHOro rasa —4yepes
Konmnyectso nbisin no HERSHEL (B ranaktuke
mHoro CO-silent rasa).

e HabnwoaeHua:

Clouds key project (HERITAGE; Meixner et al.2013).
HERITAGE mapped both LMC and SMC at 100,

160, 250, 350, and 500 um with the Spectral and
Photometric Imaging Receiver (SPIRE) and
Photodetector Array Camera and Spectrometer
(PACS) instruments.



* Macca rasa — no ontTMyeckom TonwmHe Ha 160
MKM (4epe3 cneKkTp M MHTEHCUBHOCTD),
KanmbposKa — no Hl.
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FiG. 3.— The top and bottom rows of images respectively show the enlarged regions of the Ny maps (identified in Figure 2) for the dust
modeling with 3 = 1.8 and the BEMBB model from Gordon et al. {2014) at the same color scale as show in Figure 2. The contours show
the MAGMA !2CO intensity at levels of 0.6 (30), 2. and 5 K km s~! with the dashed grey line showing the survey coverage in the regions.



3eneHble KpecTnKu — no CO-ANHUK C ranakTuyecknm GakTopomM KOHBEPCUM
3Be3404KUN — pa3pelieHmne 1 KnK, cepble To4KM —N200 NK, KOPUYHEBLIN LBET —
200 niK.
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Fic. 8.— The galaxy-averaged molecular gas depletion time

(< Epa =/ < Egpr >) with metallicity for the HERACLES sam-
ple (light blue points), LMC (black filled stars), and SMC (grey
open stars). We have taken the average ¥, and Ygpr of the
1 kpe LMC and SMC data, which are comparable measurements
to the ~ 1 kpc resolution HERACLES data. We also include the
integrated molecular gas depletion times (M(Ha2)/SFR) from the
Dwarf Galaxy Survey (DGS) using a metallicity dependent CO-
to-Ha conversion factor from Cormier et al. (2014). While there is
a large amount of scatter, there does not appear to be any trend
with metallicity.
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* CpaBHeHUeE C TeOpeTUYECKUMM Mmodenamm (ans
33/1aHHOMN MEeTaIJIMYHOCTU U MOJIHOM MACCbl ra3a)

e OML 10= Ostriker, E. C., McKee, C. F., & Leroy, A. K.
2010

e KMT = Krumholz et al., 2009



Camble BaXXHble BblBOAbI

* Bpemsa ncyepnaHua rasda Ha macwTabe 1 Knc
HUXKe, yem ana cnupanen (0.4Gyr-LMC,
0.6Gyr-SMC). HeT ABHOM cBA  3M C
METa/IJIMYHOCTbIO. BO3MOXKHO — OTparkeHume
HenasHero scnsaecka SFR.

* CpaBHeHUe SFR-Mgas c TeopeTnyeCKMMU
ModenAamm — HeBaxKHoe, 0cobeHHO B obnacTu
HU3KUX MacCC rasa



